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DESGRIPtldN 6i the PlATES^ 



P L AT t L pj* 

"l^j^IG. I. Shdws the manner in which the ray§ 
J/ of light converge and diverge. 

Fig. 2f. Difiercnt objedls fccn under the fariie 
optic angle. 

• Fig. 3, The refraaiori of a ray of light, AB, ini 
paffing through different mediums. 

Fig. 4. The diflferent forts of Icnfes; 

PLATE it p. lii 

Fig. I. The difppfition of the lenfes of a coni- 
inon tclefcope. AB the objecl-glafs, CD theeye- 
glafs; 01 the obje6t, which appears inserted at 
E, and magnified. 

Fig. 2. The conftruftion of a tef reft rial te- 
iefcope, in which the lenfes CD and EF'are added 
to thofe in the laft figure, and by which the objcdt 
is made to appear in its natural pofition. 

Fig. 3. Shows the ftrufture of a refledting te- 

Icfcope. GH is a large concave metalHne mh-ror, 

A 3 f^^-^ 
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ii DESCRIPTION o> 

perforated atr^ by which the ioiage of^Ln objefl, 
entering at the end of the tube DE, is reflefted to 
the fmall mirror I, placed on a ftand^ and by that 
to the glafles B and A^ which convey it to the 
eye in anereft pofition. 

Fig. 4. The conftruftion of a double micro* 
fcopr. A B the objeft-gtafs, and C D the eyc- 
glafs I g mh theobjeft, andGH the image, which 
appears inverted and greatly magnified. 

PLATE III. p. 36. 

Fig. I, is a vefiel with water, by therefrac* 
tioD of the light through which three pieces of 
money E, F, G, are feen at the point where they 
were invilible before the watei- was poured into 
the vcflel. 

, Fig. 2. Three fmall pieces of paper A, B, Q 
being ftuck againfl: the wall, the image of one of 
them will at a little diHance fall on the optic 
nerve at D, and therefore be invifible. 

Fig. 3* The portable camera obfcura. E isa 
plate of glafs placed in the frame ABCD, to which 
the image pf the objedis that enter the tube O, are 
reflcded by the mirror N. The four legs and 
the pieces that compofe the cafe H, have hinges, 
by which they fold Bp- 

Fig. 4. The magic lantern* ABCD is a tin 
box, in one end of which is a concave mirror G ;. 
at the oppofite end is a convex lens L,and before 
it ^ tin tube O, that has an opening MN, through 
which are paffcd tbeglaffcs that have the ob]tGt% 

painted 
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1-KE PLATES* ii 

painted on them. In the tabeO is placed anotber# 
U)at IS moveable, and that contains two lenfes P 
and Q) b^ which the objc&s on the glaffcs are 
thrown on the wall : K is a lamp, and ^, F the 
luiHiel by which the fmoke comes out^ and its 
cover that keeps io the light* 

PL ATE IV. p.\o. 
Fig* 1 9 and 2, arc two plates of glafs^ to pa^i 
through the groove in the magic lantern at the 
faoQC time, and by^which the appearance of a 
aeinpeft is to be exhibited. 

^^* 39 i^ ^ ^^ ^^^^ contains a cha8ngdi(ht 
on the fmoke of which, that comes out at the top 
of the box ABf the figures of a magic lantern are 
thrown. 

Fig* 4i A machine for reprefentrng a phaii- 
tom : within k is placed a magic lantern, the 
images of which being rejQeded by the mirror M^ 
pals out at an opening in the top of the box^ 
ai>d are thrown on the fi^oke of a chafiogdiih 
placed upon it^ w^re they are vifible^ 

Fig. 5* A large magic lantern for exhibiting 
a magical theatre. In the tube H are feveral 
grooves in different diredtons, by which different 
glafies are paiTcd at the fame time. 

P L A T E V. p. 66. 

Fig. I. Reprefentatron of an object reflected 
%y a plain mirror. A C the objeft, GI the mi/ror, 
DF the imag9, 

A 4 Fig. 
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iv DESCRIPTION or 

Fig. 2. G I is a convex mirror, A C the ob* 
, jcft, and DF the image. 

Fig. 3. G I a concave mirror, A C the objedt, 
DF the image, that appears behind the mirror,, 
CFefb and magnified. 

Fig. 4. GI a concave mrrror, AC an objeft at 
a greater diftancc than in the hft figure ; DF the 
image before the mirror, inverted and diminiflied. 
P L A T E VI. p. 70. 

Fig 1. The box for the boundlefs gallery r 
EF two paftcboards cut through, and painted on 
both fides ; D a pafteboard painted on one fide 
only, and placed before a mirror at that end of the 
box ; C is the whole by which the obje£ls are 
viewed. 

Fig. 2, and 3. The painted paftcboards to place 
in the box, Fig. i. 

Fig. 4. The box for the four nnagical mirrors. 
ABCD the body of the box, againft whofe four 
infidcs tie mirrors are placed. BNLI a frame of 
glafs confiding of four inclined plates, and one at 
top th4t is horizontal -, by the lattei* the images 
placed on the bottom of the box arc feen refleft- ^ 
cd by the mirrors. 

Fig. 5^. A plan for difpofing the ob}c6ls in the 
box, Fig. 4. 

PLATE VII. p. So. 
Fig. I. The enchanted palace. Againft the fix 
pillars mirrors arc fixed, that meet in the cen- 
ter, and between each triangular divifion objc<5l» 
are placed, that are rcfleftcd by. .the mirror^. 
ABCDEF is the plan of the bafc of fche palace. 

Fig. 
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Fig. 2, IS a fquare on which a* regular figure is 
drawn, that,whcn transferred to the correfponding 
divifions of Fig. g^ appears deformed, but when 
feen in a mirror placed at F G, from a point over 
B, appears exaftly the fame as on Fig. z. 

Fig. 4. The magical dial. In the drawer H is 
placed the dial Fig. 5, whofc index is a touched 
needle that is moved by a magnetic bar under the 
dial-plate. At I another dial. Fig. 6, is placed, 
whofe index is likewife a touched needle, and is 
regulated by th^t on Fig. 5. At M is an inclined 
mirror, that, refle&ing the dial placed at I, makes 
it vifible at an opening in that center of the dial 
at the top of Fig. 4. ^ 

PLATE VIII. p. 92. 

Fig. I. The box of divination A B CJ D, in 
which are placed the tablets E,F,G,H, that each 
contains a magnet placed in a different pofition. 

Fig. 2, the table, under which is a brafs rod 
that has four pivots, to which are fixed the four 
pafteboard circles P, Q., R, S, Fig. 3. MN is an 
inclined mirror placed in a drawer under the table. 

Fig. 4, is the top of a box, that has three holes, 
and over them are placed three perfpeftives like 
Fig. 6. Each of thefe pcrfpeflives is fixed on a 
hollow pedeilal,and contains a mirror E, by which 
the objccls on the circle Fig. 7, that is put at 
the bottom of the box, are feen at D. There is a 
inagnetic bar concealed in the table, on which 

the 
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Ti DESCRIPTION OP 

Ihc box is placed, that moves ike circle Fig. 7, 
by the needle in the middle of it. 

Fig. 5, is a column pUced on the middle of 
ttic box, and in which the fpeAators icemtoTee 
the objcfts Ihown by the perfpeiftives. 



PLATE IX. p. ifi. 

Fig. 2. The box for the animated optic balls* 
IM the inclined plane, down which the ball^O 
runs, and through the groove P, to the hole at 
the end of the box. K F is the mirror that re^ 
fie£ts the inclined plane and the paintings in the 
boK to the glafs at E, and which is reprefented 
by Fig. I. T the inclined plaoe for a double 
^-cfle^ion. Fig. 4, 5^ aod ^, the machinery that 
niics the ball to the top of the inclined plane. 

Fig* 3* The painting^n the iaclined plane* 



P L A T E X. p. 118. 

Fig* I. The penetrating pcrfpedlive. F and G 
•lie two moveaWc tubes. O, P, Q^, R, are four 
ineUned mirrors, that reflect the objects, entering 
4he tube G, to the eye at F. 

Fig. 2. The enchanted mirrors. A D and C B 
chc turo niirrors placed crafs the box in ft diagonals 

H and 
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H and L, two of the glaflcs by which the fpeda* 
tors fee each other. 

Fig. 4. The machine' for feeing an irregular fi- 
gure in a multiplying glafs (Fig. 3.) AB the ftand 
with the glafs fixed to it •, H the hote through 
which the image is fccn. Fig. 5. the ruler for 
drawing the reftedtion on the board D.EFG. 
Fig. 69 y, and 8, projections of the glafs. 

PLATE XI. p. 126. 

Fig. I. Thecylindric mirror for viewing an 
irregular figure drawn on the board FG, from the 
point of view E, where it appears regular. 

Fig. 2. The method of dividing the diameter 
of a circle into a nuoxber of parts^ which are to be 
tra^Qsferred to the cylim^r, and refie^ed on the 
board, for tracing the irregular figure. 

Fig, 3. The plan for drawing the regular figure* 

Fig. 4, 5, and 6. The appearances of a bottle 
of water before a concave mirror. 

PLATE XII. p. 134. 

Fig. I. The perfpeftive mirror. H the con- 
cave mirror^ I L the blacked pafieboard for re* 
gulating the view, G the aperture for viewing the 
obje*5ls placed beneath it, in the mirror. 

Fig. 2. A and B two concave mirrors for firing 
combullible bodies at a diftance. C^tad D th^ir 
foci, in which the bodies are placed. 

9 F'g. 
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viii tiESCRlPtiON or 

Fig. 3. The machinery for the real apparition 
C an inverted objedt placcid under the hole in the 
partition AB, and which, by the reflexion of the 
concave mirror, appears credl at D, on the oucfide 
of the partition* 

PLATE XIII. p. i5d. 

Fig.i, The ray of light LI, paffing thfbixgh th* 
window-fhutter AB, is refradled by the prifm 
D E F, into the fpedtrum P Q, that exhibits all 
the feven primary colours. 

Fig. 2, and 3. The glafles and painted papers 
for reprcfcnting the fevcral colours and their gra- 
dations. 

Fig. 4. The magical prifm. ABC a large 
prifm; by which a ray of light is rcfra'fted, and 
falls on the fmall prifm* DEF, that as it revolves 
on its axis- appears of different colours^ 
• Fig. 5. The prifmatic camera obfcura^ F/ 
two rays of light that being refrafted by the prifms 
A,B, C, and a, by c^ form thc^ fpeftrum MN, 
which appears to be painted with all the original 
colours. 

PLATE XlV. p. i6e. 

Fig. I. A ray of light largely refrafted into 
the fpeftrum PT, thedivifions of whofc colours 
correfpond to the divifions of a chord for the notes 
of the odlave. 

Fig. i, and 3. The machine for exhibiting co^ 

lorific 
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THE P L A T E S. ix 

lorific mufic. The (haded parts in Fig. 2, rcprc- 
fcnt the colours. F. is the fcrcw on which ic 
lurns, G a wheel that i§ moved by the cndlcfs 
fcrew H. 

Fig. 3, is the cafe that contains the cylinder, 
The eight (haded parts in the middle arc the 
holes through which the colours on the cylin- 
der arc fepn j O t|ie handle that turns the endJef^ 
fcrew. 

PLATE XV. p. 174. 

Fig. I, 2, and 3. The plans for drawing an ir- 
regular figure that will appear regular when fcen 
through a hole in theftand Fig. 4, placed in the 
proper pofition. 

PLATE XVI. p. i8o. 

Fig. I, 2, s^nd 3. The plans for drawing an 
irregular figure, which when feen from two o^po- 
fite points of view, prcfents two regular figures. 

Fig. 4. A pafteboard > in which lines are cur^ 
and pver them the paper Fig* 5, that contains 
tjie drawing that is to be pafted. 

PLATE XVII. p. 190. 

Fig. I, and 2. The apparatus for drawing an 
irregular figure on the bafe of a cone, that ap- 
pears regular from the point H j FEG the cone 5 
MN the pofition of a glafs on which the regular 
figure is drawn^ and that is proje^ed on the cone 
' by 
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X DESCRIPTION or 

by the lamp Fig. 2, when placed in the room of 
theftandHI. 

Fig. 3. The machine for drawing any objeft 
corrcdly. E AC the tube for viewing the ob'ycSt i 
BFDG the frame, fhown more clearly in Fig. 4, 
by which the parts of the objed arc transferred to 
limilar divifions en a paper. 

Fig. 5. The box for illuminaied profpeifls. 
EFGH the back of the box in which the prints^re 
placed, and behind them lamps or candles. 

PLATE XVIIL p. 222. 

Fig. I, (hows the alternate vibrations of a chord. 

Fig. 2. A chord fo divided as to found the 
fcven concords. 

Fig. 3. The apparatus for the ventofal fym- 
phony. A B the vane that gives motion to the 
machine ; C, D, G, H, I, M, wheels and pinions 
that ferve to move the barrel NO, in which are a 
number of ftops, that ftrike a fet of bells. 

Fig. 4. The whifpering gallery. A the point 
from whence the found proceeds, and is rever- 
berated by the points DEFG, to C, where it is 
plainly heard. 

Fig. 5. The convcrfive ftatue. AB and GH 
are two concave mirrors ; C and I their focuflcs ; 
EF a partition that has a hole, through which a 
found iffuing at I, is diftindly heard at C. 

PLATE XIX. p. 240. 
Fig. I, fhows the mechanifm of the great organ 
O, O, are the handles that pulh down the bellowa 

Tt: 
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T H E P L A T E S. xi 

TTl /, /, are the handles that turn the rollers 
R, R, that by means of the arms r, /, pull out 
the Aiders /, gy and give liberty to the pipes 
placed over any row of the holes to found ; C, D, 
E^ &c. are the keys, which being put down open 
the valves V, that admit the air to the pipes: 
KKK is the wind-cheft, that receives the air by 
the port- vent 4. X is a flute-pipe of wood ; Y 

a trumpet-pipe of metal ; Z a flute-pij)e of metal. 
Fig. 2, ftiows the conftruftion of a valve, with 

the wire that opens it and the fpring that (huts it* 
Fig. 3. The infide of a flute-pipe. AB the 

foot, BD the body -, E F the partition ;^ BC the 

mouth. 

Fig. 4, A reed pipe ; A B the foot; CD the 

(ballot or reed ; KL a plate of copper fitted into 

the mould at I, but being loofe at its extremity K, 

the air makes it (hake againft the reed. 
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RATIONAL RECREATIONS. 



OPTICS. 

T!f E fcience of optics leXpMifs the 
tlAftiri of vifidn, by inVeftf^atm^ 
the caufes of the various pheiibtnietfa* thaY 
^rite'fFom'tHef tefrk^ioii and refle'abtf of" 
light. It is divided into DioptricV, Ciidj^^^ 
tries, aftd Chrdrriattics*^. The fii^ft treats 
of refradioh ; the fecond, oi^reftediDn; 
fend the Islft^ of coloiifs. 

GEl^ERAL DEFINITIONS. 

!• When the rays of light that ifluc 
fronj any body, continually recede from 

* ThefetermS are derived from the Greek 5 the 
iirft from the word dioptra, a perfpedlive glafs } the 
fecond from kdtoptron^ a mirror ; and the laft from 
thremata^ colours. 

Vol. iL B each 
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2 RATIONAL 

each other, as the rays A B aad A C 
(Plate L Fig. I.) they are faid to di- 
verge. 

2. When rays *in their progrefs draw 
continually nearer to each other, as the 
rays BF and CF, (Plate I. Fig. i.) they are 
faid to converge. 

3. That point in which converging rayg 
all meet, is called their focus ; as the point 
F, in the fame figure. 

4« An optic angle is the fpace contained 
between two lines drawn from the extremi- 
ties of any object to the eye. Thus A E B 
or C E D (Plate I. Fig. 2.) arp the optic 
angles under which the objects A B and 
C D appear to the eye at E. 
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kfefcREAtlONS* 3 

.GENERAL APHORISMS^ 

1. The motioii of light is not inftanta- 
neoiis but progreffive*. 

2. All rays of light naturally proceed in 
right lines. 

3. No objeft cian be ken diftindiy at a 
lefs diftance than about eight inches. 

4. To produce diftinft vifion, the rays 
of light muft be parallel when they enter 
the eye, and the objeft well illumined* 

5* Rays of light th^t come from a fat 
diftant objedl, are to be conlidered as pa« 
ralleh 

6, Wherever the rays that cotae front 
all the points of an objedl, meet again ia 

* It appears, by aftronomlcal obfervationSy thtt 
the rays of light are 8 minutes and 13 feconds in 
coming from the fun to the earth, which is di«^ 
fiant about 82 millions of .mil^s ; their progress, 
tberefoie, is at the rate of about ten millions of 
miles in a minute ; yet great as that velocity is^ 
the diftance of the neareft of the fixed ftars being 
four hundred thoufand times greater than that of 
the fun, the light muft be more than fix years in 
coming from them to os* 

B 2 fo 



Digitized by 



Google 



4 RATIONAL 

fo many points, after they have been made 
to converge by refradion or refledlion, 
they will there form an image of that ob- 
jcdl on any white body. 

7. Every objedt feen by refradion or 
reflexion, appears to be in that point from 
whence its rays are laft refracted or refled- 
cd to the eye, 

8. The apparent magnitude of any.ob- 
je£t is determined by the magnitude of 
its optic angle : therefore the objeds A B 
and CD, (Plate I. Fig. 2.) which are feen 
under the fame angle, will appear of equal 
magnitude. 

Thefe, and every other aphorifm in this 
part, are confirmed by all optical writers ; 
and may be demonftrated geometrically : 
but as we fuppofe our readers to have no 
other previous knowledge than that of 
common arithmetic, it would be fupcrflu- 
cJiis to irifert fuch demonftVations here'. 
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D I OP T R I C S. 

DI O PT R I C S, as we haVe faid,.cx- 
plain the fever al appearances that 
arife from the refradion of light. 

DEFINITIONS. 
' I. "When a ray of light paffing put of 
one medium into another of a different 
denfity, is turned from that ftrait line 
in which it would atherwife proceed, into 
one of a .different diredion, it rs faid to 
be refrafted. Thus the ray AB, (Plate I. 
Fig, 3') by pacing out of air into the glafs 
GH, is turned from its natural courfe in- 
to that of CD. ^ 

2. Any fpherical tranfparent gfaf e that 
converges or diverges the rays of light as 
they pafs through it, is callcjda lens. 

3. Of lenfes there are five forts : .1. A 
plane or fingle convex lens, which is plane 
on one fide, and convex on the other, 
as A (Plate I. Fig. 4.) 2. A double con- 
vex lens, as B. 3. A plano-concave lens, 

B 3 that 
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tliat is plane on one fide and concave oa 
the other, as C 4. A double concave, as 
p. Andy 5. A menifcus, which is<:onvex 
on one fide and concave on the other, as £• 

4. The point C, round which the fphe* 
rical fiirface of a lens, as A Z (Plate L 
Fig. 4*) is defcribedy is called its center; 
the line X Y, drawn from that center per- 
pendicular to its two furfaces, is the axis ; 
and the point V, to which the axis is 
drawn, is the vertex of that lens, 

5, When the rays of light that pafs 
through a fingle or double convex lens are 
brought into their fmalleft compafs, that 
point is the focus of the lens. 

6, In optical inftruments that lens which 
is next the objedt is called the objeft- 
glafs ; and that next the eye, the eye-glafs. 

7. The diftance between the line A B 

(Plate I. Fig. 3.) and the perpendicular 

E B, 18 called the angle of incidence j and 

the diftance between the line CD and the 

perpendicular BF, is called the ?in^l? qf rc- 

fraftion, 

APHQv 
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APHORISMS. 

1. A ray of light paffing obliquely out 
of one medium into another that isdenfer, 
will be refradled toward the perpendicular, 
as the ray AB (Plate I. tig. 3.) bypafEng 
out of air into glafs is refradled into C D, 
toward the perpendicular B F. On the 
contrary, a ray paffing out of a denfer in- 
to a rarer medium, will be refra£ted 
from the perpendicular ; as the ray C D, 
paffing out of glafs into air, is refraded 
into D L 

2» The angles of incidence, and refrac- 
tion, when the lines that contain them 
are all equal, will have a determinate pro- 
portion to each other, in the fame me- 
diums : which between air and water will 
be as 4 to 3 ; between air and glafs, as 
3 to 2, nearly; and in other mediums in 
proportion to their denfities. 

3. When an object is viewed through a 

glafs whofe two furfaces are parallel, it 

will appear of its natural dimenfions, its 

Situation only being a fmall matter altered 

B 4 in 
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5 JIATIQNAL 

in proportion to thethicknefe of the glafs, 
and the obliquity of the rays, 

4. All the rays of light, whether di- 
verging, parallel, or converging, that fall 
on a fingle or double convex lens, will 
meet in a focus behind the glafs : and the 
diftance of that focus will be greateft in 
diverging, and leaft in converging rays. 

5, When parallel of converging rays, 
fall on a fingle or double concave lens, 
they will diverge behind it. If they be 
diverging at their incidence, they will be* 
come more fo by paffing through it. 

6. When an oi)je(ft is viewed through 
two conve:; lenfes, its apparent length, 
or diameter, will be to its real length, as 
the diftance of the focus of tbeobjed-glafs, 
is to that of the eye- glafs. 

Py thefe,and theforegoiAg:aphorifms, we 
are enabled to account for the various ef- 
feds of dioptric machines, as refrading 
jeleffopss, .microfcopes, the camera ob- 
^ fcura, &c. For example, . fuppofe A B 
ihp pbje<3: glafs, and CD fhe eycrglafs of 

^te^ 



Digitized by 



Google 



Plate. I. 



F^.r 




' F/^.2./i z 




Digitized by CjOOQIcT \^/ q*^ 



Digitized by 



Google 



R^CR.EATJONS. 9 
^ telflfeope, ^RUte II, Fig. j .)^and let them 
.be Xo .placed th^t |h.e focus qf^eacji niay 
coincide.in tlje .ppJRt JE. .-jSwpppfeQI.to.be 
a far diflant obje<3:, whofe rays are there- 
fore to be confidered as parallel when they 
come to the glafs, (Jiphorifm 5. page 3.) the 
two rays O A, and I B, proceeding from 
the extremities of the objed, and paffing 
through the glafs AB, will meet anS 
interfea: each other in its focus E, and 
pafs on to the eye glafs CD. But E being 
alfo the focus of that glafs, thofe rays, by 
paffing it, will again become parallel, and 
therefore by (aphorifm 4. p. 3.) produce 
4iftina vifion in the eye, placed at H. 

Now fuppofe the diftance between AB 
and E, that is, the focal length of the ob- 
jea-glafs, to be 10 feet, or 120 inches, 
and the diftance between E and CD 
which is the focal length of the eye-glafs, 
*o be three inches, then, by aphorifm 6. 
p 8, the apparent length or diameter of the 
pbjea will be to its real length as 120 to 3, 

or 
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or as 40 to 1, that is, its length will be 
magnified 40 times, and confequently its 
furface> if it be a fquare, 1 600 times. 

It is evident, from the conftruftion of 
this telefcope, that the objeA muft appear 
to the eye inverted, but as it is principally 
intended for viewing celeftial objects, 
that circumftance is not much regarded. 
But when it is applied to terreftrial views, 
tWo other glafes are added. One of which, 
as EF, (Plate II. Fig. 2.) is placed at twice 
its focal diftance from CD, and the other, 
G H, at the fame diftance from that. 
Now the rays being made to interfed each 
other again, as is evident from the figure, 
the objedt will then appear in itp natural 
. pofition. 

Terreftrial telefcopes are fometimes made 

with on^ objedl-glafs and one concave eye- 

glafs ; but as only a fmall part of an ob- 

je6t can be feen by thefe at one view, they 

are of little ufe, except in near or large 

objeds. 

In 
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In like manner fuppofe A B C D E F 
(Plate II. Fig. 3 .) to be the tube of a refleft- 
ing telefcope, the end DE of which is open: 
let G H be a large concave metalline mir- 
ror, perforated at r. I, a fmaller mirror, 
placed on the Hand K. Thefe mirrors are 
to be fo difpofed that th^ focus of each 
may fall on the point yi Now the image 
of an object, as a by entering' the tube at 
P E, will fall upon the mirror G H in 
the points c d, and being refleded from 
thence to the focus^ the rays will there 
interfe£t each other, and invert the image 
At g b. This image being alfo in the fo- 
cus of the mirror I, after falling on it in 
the points k /, will be refleded back in 
parallel rays, which paffing through the 
hole r in the great mirror, and falling on 
the convex lens at B, will again crofs each 
other in the focus of that glafs at j, which 
being aMb the focus of the lens at A, it 
will from thence be viewed by the eye at 
L. The principal excellence of refleaing 
jtelefeopes arifes from the brightnefs of 

the 
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^tlTLe^^c|f^c£lion, by which objeds appear fo 
4ijlmft that araeye-glafs of a much ftnaller 
Jfocqs C2^n be ufed in them than in others. 
Jfhe m4gnifying power in this, as in 
^other,telefcbpes, is as the focal diftance of 
the obje^l-glafs or mirror, to the /ocal 
jdijftance qf .the eye-glafs. But the latter 
beii^ .fo much fmaller in this telefcope, 
^the ^pi.agnjfying power will be fo much 
greater. Therefore, if the focal diftance 
pf th^eeye-glafs be once inch, and that of 
the qbjqd-mirror 49 inches, the diameter 
of ,the obje(Si will. be magnified 40 times, 
and its fufface 1 600 times. A rcfledling 
telefcope of 4;fe9t will magnify Ti\otc than 
a rcf ra^or of .5 o jfeet. 

Suppofe, again, AB (Plate U* Fig. 4.) 
jQibe the obje4i-glafs, and C D,the eye- 
glafs of a double microfcope. The o5- 
jedl-glafs muft here be^juite fmall and 
very convex, and confequently its /ocal 
diftance //, very ftiort. The diftance of 
the fmall objo^ g ^h «^uft be very little 

2 more 
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more than that of If /in order that its 
image GH, may be formed at a'confider- 
ab^e diftance,.and corifequently be much 
enlarged. Now this image will, appear 
diftindl and confiderably magnified, ancf 
that on two accounts : firft, in propor- 
tion as. the diftance K / is greater thaii /m; 
and/econdly, on account' of the nearnefs 
of tKe* eye to the image ; for by apho^ 
nfin 3. page 3. no obje£l can be feen diC-* 
tindly by the naked eye, at a lefs diftance 
than eight inches, therefore if by meanS 
or the eyfe-glafs C D, the objedl is made* to 
appear diftihd at the diftance of one iiich, 
it willfeeni eight times a? large. Sup- 
pofing, therefore, the focal diftance of the 
cye-glafs CD, to be once inch, and the 
diftance K / to be to / w as 10 to 1, then, 
on both thefe_ accounts, the length of the 
object will appear 8 times 1 o, or 80 times, 
and its furface 6400 times, larger than 
when feen by the naked eye. 
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RECREATION L 

Optical fllufions. 

ON the bottom of the veflel A B C Dr 
(Plate III. Fig. I.) place three pieces of 
money, as a (hilling, a half-crown, and 
crown ; the firft at E, the fecond at F, 
and the laft at G. Then place a perfon 
at Hi where he can fee no farther into 
the veflel than I : and tell him that by 
pouring water into the veflel you will 
make him fee three' difi^erent pieces of 
money ; bidding him obferve carefully 
whether any money goes in with the water*. 

When the water comes up to K, the 
piece at E will become vifible ; when it 
comes up to L, the pieces at E and F 
will appear ; and when it rifes to M, all 
the three pieces will be vifible. 

♦ You muft either pour it in very gently, 
or contrive to fix the pieces, that they may not 
move out of their places by the motion of the 
w^ter. 

From 
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From whkt has been faid of the refrac- 
tion of light, the caufe of this phenome*- 
non will be evident : for while the veffel 
is empty, the ray H I will naturally pro- 
ceed in a ftraight line : but in proportion 
as itbecomes immerfed in water, it will be 
ncceffarily refracted into the feveral direc- 
tions N E, OF, P G, and confequently 
the feveral pieces muft become vifible. 



T 



RECREATION 11. 

Opical jiugmentation. 

AKE a large drinking glafs of a coni- 
cal figure, that is, fmall at bottom 
and wide at top ; in which put a fhilling, 
and fill the glafs about half full with wa- 
ter : then place a plate on the top of it, 
and turn it quickly over, that the water 
may not get out. You will then fee on the 
plate, a piece of the fize of a half crown ; 
and fomewhat higher up^ another piece of 
the fize of a (hilling. 

This 



Digitized by 



Google 



i6 It At 10 N A L 

This phenomenon arifes from feeing thd 
piece through the conical furface of the 
water at tb'e fide of the glafs, and through 
the flai furface a^ the top of the water, at 
the lattie tiriie : for the conical furface 
diktfeS' the rays and makes^the piece* ap- 
jfear laSrger ; but by the flat furface the 
rays are only refraded, by which the piece 
is feen higher up in the glafs, but ftiU of 
its natural iize* That this is the caufe 
will be farther evident by filling the glafs 
with water, for as the fhilling cannot be 
then feen from the top, the large piece 
onlywill be vifible:... 

After you have>mufed yourfelf with 
tills re;paarkable phenomenon, you may 
give the glafs to a fervant, telling hiin to 
throw out the water, and take care of the 
two pieces of money j and if he have no 
fufpicion of the deception, he will be not 
a little furprifed to find one piece' onty^ 

RECRE- 
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RECREATION III. 

Optical fubtraSiion. 

AGAINST the wainfcot of a room 
fix three fmall pieces of paper, as 
A, B, C, (PL III. Fig. 2.) at the height 
of your eye; and placing yourfelf di- 
redly before them, at a few yards diftance, 
(hut your right eye and look at them with 
the left ; when you will fee only two of 
thofe papers, fuppofe A and B j but altering 
the pofition of your eye you will then fee 
the third and one of the firfl-, fuppofe A ; 
and by altering your pofition a fecond 
time, you will fee B and C ; but never all 
three of rhera together. 

The caufe of this phenomenon is, that 
one of the three pencils of rays that come 
from thefe objeds, falls on the optic nerve 
at D ; whereas to produce diftin<a yifion 
it is neceflary that the rays of light fall on 
fome part of the retina E, F, G, H. We 

Vol. II. G fee 
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We fee by this experiment, .one of the 
iifea of having two eyes; for he that 
has one only, Can never fee three objedls 
placed in this polition, nor all the parts 
of one obje£l of the fame extent, vsrithout 
altering the fituation of his eye. 

RECREATION XL 

Alternate Illufion. 

TTriTH a convex lens of about an 
^ ^ Inch focus, look attentively at a 
filver feal,. on whicl\ a cypher is engraved. 
It will at firfl: appear cut im, as to the 
naked eye ; but if you continue to obferve 
it fome time, without changing your fitua- 
tion,. it w ill feem to be in relief, and the 
lights and fliades will appear the fame as 
they did before* If you regard it with 
the fame attention ftill longer, it , w ill 
again appear to be engraved : and fo oa 
alternately.. 

If you look off the feal for a few 
moments, when you view it again, in- 

ftead 
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jftead of feeing it, as at firft, engraved, it 
will appear in relief* 

If, while you are turned toward thd 

light, you fuddenly incline the feal, while 

you continue to regard it, thofe parts that 

ftemed to be engraved will immediately 

appear in relief: ahd if. When you are 

regarding, thefe ffeeming prominent parts, 

V you turn yourfelf fb that the light m^y 

fall on the right hand, you will fee the 

fliadows on the fame fide from whence 

. the light comes, which will appear not a 

little extraordinary. In like manner the 

ihadows will appear on the leift, if the 

light fall on that fide. If inftead of a. 

feal, you look at 4 piece of money, thefe 

alterations will not be vifible, in whatever 

fituation you place yourfelf** 

* It has been fuipc£lcd that this illufion ariYcS 
from the (ituatioil of the light j and in h£t 1 have 
obrerved, (fays M. Guyot, from whom this ar- 
ticle is taken) that when I have viewed it with a 
candle on the right, it has appeared engraved, but 
C 2 by 
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RECREATION V. 

I'he camera obfcura, or dark chamber^ 

TT7 E fhaH here give a fhort defcriptiof* 
' ^ of this optical invcntionj for though 
it is very common, it is alfo very pkafing^ 
and though almofl every one has feen it, 
every one knows not how toconflrufl it. . 

by changing the Hght to the left fide, it ba» im-^ 
nlediately appeared in relief* I( ftill, however, re- 
mains to be explained, why we fee it altepnately 
hollow and pron^inent, without changing either 
the fituation or the light. Ferhapa it i» in the 
fight itfelf that we muft look for the caufe of thi» 
phenomenon ; and this feems the more probable, 
as all thefe appearances are not difcernible by &1£ 
perfons. 

A phenomenon like this will appear to a fupcr-^ 
ficial obferver a very trifling mutter : but the phi- 
k>rophers who is defirous of explaining all the- 
appearances of nature, will find it attended with 
no tiiiling difficulties. It is, moreover, by in- 
veftigating the caufcs of phenomena feemingly 
rnfignificant, that the moft important difcoverics 
are fometimes made. 

6 Make 
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> Make a circular hole in the fhuttter of a 
tvindow, from whence there is a profpefl: . 
of the fields, or any other object not too 
tiear ; and in this hole place a convex glafs, 
either dowhk or fingle, whofe focus is at 
the diftance of five or fix feet*. Take 
-pare that no light enter the room but by 
this glafs : at a diftance from it, equal to 
that of its focus, place a pafteboard, co- 
vered with the white ft paper f j let it be 
Jwo feet and a; half long, and eighteen or 
twenty inches high : bend the length of it, 
inwards, to the form of part of a circle, 
whofe diameter is equal to double the focal 
diftance of the glafs. Then fix it on a ^ 

• The diftance Ihould not be left than three 
feet ; for if it be^ the images will be too fmall, and 
there will not be fufficient room for the fpedators 
to ftand conveniently. On the other hand the 
focus (hould never be more than 15 or 20 feet, for 
then the images will be obfcure, and the colour* 
jng faint. The beft diftance is fxom 6 to 1% 
feet. 

f This paper (hould have a black border, to 
prevent any of the fide rays from difturbing the 
j)i£ture. 

C 3 frame 
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frame of the fame figure, and put it oa 
a moveable foot, that it may be cafily fixed 
^t that exafl: diftance from the glafs where 
the objeds paint tberofelves to the greateft 
perfedion. When it is thus placed, all 
the objefts that are in the front of the 
windowwill be painted on the paper, in an 
inverted pofition*, with the greateft regu- 
larity and in the moft natural colours. 

If you place a moveable mirror without 
the window, by turning it more or Jefs, 

* This inverted pofition of the images may be 
deemed an . imperfe^ion, but it is eafily reme^ 
died : for if you (land above the board on which 
. they are received, and look down on it, \hty 
will appear in their natural pofition : or if yo^ 
ftand before it, and placing a common mirror againfl: 
your bread in ai) oblique direction, look down 
in it, you will there fee the images ere£t, and they 
will receive an additional luflre Srotn the reflediofi 
of the glafs ; or place two lenfes, in \ tube that 
draws out ; or, laflly, if you place a large concave 
mirror at a proper diflance before the pidture, it 
will appear before the mirror, jn the^ir^ and inaii 
^rpa pofition^ 



Digitized by 



Google . 



recreations: 23 

you will have on the paper all the obje£ls 
that are on each fide of the window*. 

If inQead of placing the mirror without 
the window you place it in the room, and 
above the hole ^ which mull then be made 
near the top of the fhutter), you may re- 
ceive the reprefentatiou on a paper placed 
horizoojtally on a table j and draw at your 
Jieifure, all the objeds that are there, 
painted. 

• J»Iothing can be more pleafing than this 
Recreation, efpecially when the objeds 
zj:& ftrongly enlightened by the liin : and 

* There is another method of makitig the dark 
<;)3amber, which is by a fcioptric ball, that is, a 
ball of wood, through which a hole is made, in 
which hole a lens is fixed : this ball is placed in a 
wooden frame, in which it turns freely round. The 
frame is fixed to the hole in the Ihutter, and the 
ball, by turning about, anfwers, in great part, the 
life of the mirror on the outfide of the window. If 
the hole in the window be no bigger than a pea, the 
obje«9s will be reprefented without any lcns« 

C 4 not 
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not only land profpeds, but a fea-port, 
when the water is fomewhat agitated, or 
at the fetting of the fun, prefents a very 
delightful appearance. 

This reprefentation afFords the moft 
perfedt model for painters, as well for the 
tone of colours, as that degradation of 
fhades, occafion by the interpofition of 
the air, which has been fo juftly exprcfled 
by fome modern painters. 

It is neceflary that^the paper have a cir- 
cular form, for otherwife, when the center 
of it was in the focus of the glafs, the two 
fides would be beyond it, and confequent- 
ly the images would be confufed. If the 
frame were contrived of a fpherical figure, 
and the glafs were in its center, the re- 
prefentation would be ftill more accurate. 
If the objedl without be at the diftance of 
twice the focal length of the glafs^ the 
image in the room will be of the fame 
magnitude with the objedt. 

The 
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The lights, fhades, an4 colours in the ca- 
mera obfcura appear not only juft, but^by 
the images being reduced to a fmaller 
cpgapafe, much ftronger th^n in nature :- 
add to this, that thefe piftures. exceed all, 
others by reprefenting the motion of the 
fcveral objeds : thus we fee the animals 
walk^ run, or fly^ the clouds float in the 
air, the leaves quiver, the waves roll, &c* 
and all 'm ftrift conformity to the laws of 
nature. The bell ijtp^tion for a dark 
chamber is diredly north, and the beft 
time of the day is noon. 

RECREATION VI. 

To Jhew the /pots on the fui?s dijk^ by itt 
image in the camera obfcur a. 

T) U T the objed-glafs of a ten or twelve 
^ foot telefcope into the fcioptric ball, 
and turn it about till it be directly oppo- 
fite the fun*. Then place the pafteboard, 

mention- 

♦ When the fun is direSly oppofitc the hole, 
the lens will itfelf be fufficient : or by means of 

the 



Digitized by 



Google 



26 RATIONAL 

mentioned in the laft Recreation, in the 
focus of the lens, and you will fee a clear 
bright image of the fun, of about an inch 
diameter, in which the fpots on the fun 8 
furface will be exadly defcribed. 

As this image is too bright to be feen 
with pleafure by the naked eye, you may 
Tiew it through a lens whofe focus is 
6 or 8 inches diilant, which at the fame 
time that it prevents the light from being 
ofFenfive, will, by magnifying both the 
image and the fpots, make them appear to 
greater advantage* 

tbe mirror on the outfide of thewindour, as in the 
fifth Recrjsation, the lens will anfwer thi; purpofc 
z% any time. 
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RECREATION VIL 

^0 magnify /mall objeSis by means of thf 
funs rays kt into a dark chamber^ 

T E T the rays of light that pafs througli 

-*-^ the lens in the fliutter be thrown on a 

large concave mirror, properly fixed in a 

frame. Then take a flip, or thin plate of 

glafs, and flicking any fmall objed on it, 

hold it in the incident rays, at a little more 

than the focal diflance from the mirror^ 

gnd you will fee, on the oppofite wall, a- 

midil the refleded rays^ the image of that 

objed, very large, and extremely clear 

^nd bright. . Thi$ experiment never fails 

jto give the fpedlator the highefl fati§- 

^adion. 
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RECREATION VIIl. 

^be portable camera ohfcura. 

THE great pleafurc produced by the ca- 
mera obfcura in the common form, 
lias excited feveral to render it more uni- 
verfally ufeful by making it portable ; eafily 
fixed on any Ipot, and adapted to every 
profped. We fliall not here examine the 
merits of the various forts that have been 
invented, among which there are doubtlefs 
fcveral highly ingenious ; but content our- 
felves with defcribing one that may have 
fonie advantages not to be found in others*^ 

Let ABCP(PL III, Fig. 3.) be a frame 
of wood, of two feet long and about twen- 
ty inches wide ; let its four fides be two 
inches and a half thick, and firmly joined 
together. In a groove formed in this 

* This fort of portable camera appears to be the 
invention of M. Guygt. 

frame 



Digitized by 



Google 



RECREATIONS. ig 

frame place a plate of clear glais, E% 
To each of the corners of this frame Joia 
a leg, with a hinge, that it may turn up^ 
under the table. To the under part of the 
frame join four pieces of light wood, as 
H, which muft alio have hinges to fold 
up ; and obferve that when they are let^ 
down, as in the figure, they muft clofely 
join, by means of hooks, it being quite ne** 
ceflary that no light enter the boxf. 

To that juft defcribed^ there muft be 
added a fmaller box^M, in which muft be 
an inclined mirror N, and in one of its 
fides a moveable tube Oj five or fix inches 
long. This tube muft be furnilhed with 
a ccmvex glafs, the focus of vsrhich, by the 
reflexion of the mirror, muft reach the 
glafs E in the frame,. 

* If the upper fide of the glafs were convex, it 
would be ftill better, 

f The infide'of the box may be lined with black 
cloth,, to make it as dark as poffible/ 

There 
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There muft alfo be a covering of black 
ftufF, in form of a tent, to place over the 
top of the frame, by means of four little 
poles that go into holes in the corners of 
it. There muft be an opening to this tent 
on the fide A B, by a curtain to be drawn 
up, and which you are to let down over 
you, when you place yourfelf under it; 
that no fight may enter. The three other 
fides (hould hang down fome inches over 
the frame. 

This camera is, indeed, fomething more 
cumberfome than thofe that have been hi- 
therto in vented ; and yet, if properly made, 
it will not weigh more than twenty to 
five-and-twenty pounds. On the other 
hand, it is much more convenient j for as 
the coloured rays of objedls paint them- 
felves on the bottom of the glafs in the 
frame, you may draw them without hav- 
ing your hand between the rays and their 
image. 

Whed 
8 
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When you have placed the frame on a 
fpot a little elevated, that nothing may in- 
tercept the rays from falling on the glafs 
in the tube, you fix a flieet of tranfparent 
varniflied paper on the glafs in the frame, 
by means of wax at it3 corners. Then 
placing yourfelf under the curtain, you 
trace on the paper all the outlines of the 
objects there reprefented, and if you think 
fit, you may alfo mark the extent of tlie 
fhadows. If you want only the outlines, 
you may lay a thin plate of glafs on that 
in the frame, and trace the ftrokes with a 
pencil and carmine. After which you 
muft dip a fheet of paper in water, with- 
out making it too wet, and fpreading it 
lightly over that glafs, you will have the 
impreffion of the defign there drawn. 

Note, By each of theft methods you will 
have the objeds either in their natural po- 
fition, or reverfed ; which will be an ad- 
vantage when the defign is to be engraved, 
and you will have it then appear in the 
natural pofition. 

In 
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In ufing this machine, you fhould make 
• choice of thofe objediis on which the fun 
then fhines, as the appearance of the flia- 
dows adds greatly to the beauty of the de- 
iign. There are, however, circumftances 
in which it is to be avoided, as when you 
would paint a rifing or fetting fun, &c. 

RECREATION IX. 

Tbe magic lantern. 

''TH HIS very remarkable machine, which 
•*• is now known over all the world, 
caufed great aftonifhment at its origin. 
It is liill beheld with pleafing admiration, 
and the fffedator very frequently contents 
hhnfelf with wondering at its efFedls, with- 
out endeavouring to inveftigate their caufe. 
The invention of this ingenious illufion is 
attributed to the celebrated P.Kircher,who 
has publiflied, on various fciences, works 
equally learned, curious, and entertain- 
ing. 

The 
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^The defign of thisvinachine is to repre^ 
fent at large, on a cloth or board, placed 
in the dark, the images of fmall objefts, 
painted with tranfpapent colours on plates 
of ^lafs. 

Its confthiflioh 16 as follows. Let 
ABCD (PU III- Fig. 4^) be a tin box, eight 
inches high, ten long, and fix wide (or any 
other fimilar dimenGohs.) At the top 
mull be a fuiin^l £, of four inches in 
diameter, with a cover t*, which, at the 
fame time that it gives a paiTage to the 
imoke, prevents the light from coming 
out of the box4 

On the fide A C there is a door, by which 
if adjufted a concave mirror G, of metal 
or tin, and of five inches diameter ; being 
part of a fpherewhofe diameter is eighteen 
inches. This mirror muft be fo difpofed 
that it may be puflied forward or drawn 
back by m^ans of the handle H, that enters 

Vol. II. D the 
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the tin tube I, whick i& foldored to tKe 

Jt - ^" 

In tbe middle of the box muft be fdaced 

a low tin lamp K, .which is to be mov^^ 

able. It fhould have three or four lights, 

that muft be- at the heig^ht of the.fQcujs of 

the mirror G%. , 

In the fide BD^ and oppofite to the mir- 
ror, there muft be an aperture of three 
inches wide and two inches. and a half 
high, in which is to. be fixed a convex 
glafs L, of the lame diinenfion*, whofe. 
focus muft be from four inches and a half 
to five inches, fo that the lamp may be 

^ * Iprcfer this form for the glafs(rays M. Guyot) 
that the piflme thrown upon the cloth, mzj bava 
the fame form, which is mUch preferaUe to a citm. 
cular aperture, through which the figures can , 
never be completely feen but when they are at the 
center of theglafs. It is furprifing that this im^ 
pspfe£lion has been fuiFered ta cojntimr^. foloiig^. 
when it is fo eafiiy remedied; 

placed 
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paced both in its focus, aiidiii thitpf th€ 
Coritavfe mirror. 

• On the famfe fide is to be placed a ptec^ 
3f tiii M N, df four inches arid a half 
l^iKtre, having an opening at the fides b( 
about fpu? inches and in half high, ahd ti? 
quarter of an inch wide. Through this 
evening or groove are to pafs the glafles, 
6ii which are pstinted the figures that are? 
to-be feen on the cloth. In this tin piece,' 
dnd oppoffte to the glafs L, let there be* 
in aperture of three incheis and a quarter 
Ibng, and two inched and a quarter high, 
fe) which muft be adjufted a tube O, of the 
fame formj and fii inches long. This 
fobs is to be fixed into the piece M N. 
/inbthcr tube, fix inches long, and friove- 
able, mull enter that juft mentioned, in 
^hicn rnuft be placed two convex lenfeis, 
P and Qj that of P may have a focus of 
about three inches^ and that of Q, which is 
to bejplaced at the extremity of the tube, 
pi\e of ten^ or twelve inches. The diflance 
D z between 
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between thefe glaflfes is to be regulated hj 
their foci. Between thefe glafles there mud 
be placed a pafteboard R, in which is an 
aperture of an inch wide, and 4*5ths of an 
inch high. By placing this tube farther 
in or out of the other, the images on the 
cloth will appear larger or fmaller* 

. From what has been faid of the precede 
hkg machines, the conftruAion of this will 
be eafily underftood. The foci of the con- 
cave mirror, and the lens L, meeting in 
the flame of the lamp, they together throw 
a ftrong light on the figures painted on 
the glafTes that pafs through the groove 
M N, and by that means render their co** 
lours diflindt on the cloth. The rays from 
thofe glafTes pafling through the lens P 
are coUeded by the aperture in the pafle* 
board R, and conveyed to the lens Q, by 
which they are thrown on the cloth. 

The lantern being thus adjufted, you 
muft provide plates of clear glafs, of tvrelve 

or 
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RECREATIONS, 37 
or fifteen inches long* and three inches 
Wide, which are to be plaqed in thinframes, 
that they may pafs freely through the 
groove MN, after being painted in the 
manner we (hall now defcribe. 



Method of painting the piaffes for the 
^ lantern. 

Draw on a paper the fubjed you in- 
tend to paint, and fix it at each end to 
the glafsk Provide a varnifh with which 
you have n^ixed fome black paint, and 
with a fine pencil draw on the other fide 
of the glafs, with very light touches, the 
defign drawn on the paper. If you are 
defirous of making the painting as perfed 
as pofBble, you fhould draw fome of tbr 
outlines in their proper colours, provided 
they are the ftrongcfl: tints of thofe colours 
that are ufed. When the outlines are 
dry, you colour the figures with their pro- 
per tints or degradations; and thofe colours 
will not peel off, if you temperthem with a 
D 3 ftrong 
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ftrong white varnifti % You are thf n to 
fliade them with black raided wi^l^ t\^ 
famcvarnifh, or with biftrei, ^syou fiod 
conyenient You ipay alfo leave .ftrong 
lights in fope part^, ^H^?Mt ^y 9^^u% 
in order to produce a more ftriking effeSt. 
Obferve, in particular, not to ufe more 
than four or five colours, fuch as blufc, r^, 
green, and yellow. You Ihould employ 
however a great variety of tints, to give 
your painting a more natural air, without 
which they will reprefent vulgar objeSt,f 
ffji^ich ar^ by no nieans the. rnqr^ plei^fm^ 
]|)eqiuf? ^hey are gawdy, 
** ■ . • 

When the lamp if^ this lapte^ra U light*^ 
ed, and by dravf.ing out t^e tube to ^ pro-v 
yer length, the figures painted- on the glaf% 
appear bright and wejl defined, the fpec-* 
tator fajfwot fail of being highly entey-; 

^ All thofe colours that are no^ terreftrial, a^ 
J^ruffian blye, carmine, calcined verdigris, &c. 
m4y be ufed to adyantagei v^hen teiiipered wi(t\ a 
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tsuned by the fucceifion of natural or gro- 
tefque figures ' that are painted on the 
glafles. 

• This piece of optica may be rendered 
inuch more amufing, and at the fame time 
tiiore marvellous, by preparing figures td 
which different natural motions niay be 
given *, which every one may perform ^c- 
^rding to his own tafte ^ either by move-i 
ments in the figures themfelyes, or by 
painting the fubjed: on two glafles, and 
paffing them at the fame time through 
the groove, as will be feen in the next^ 
Recreation. 

' * There are fn the Phiiofopbical E&yr of M.' 
Mfifchenbfoefc, differcor mechodi of performing alt 
t^efe various oiovements^ by fome mechanical coxi-^. 
triyances that are not difficult to execute* 
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RECREATION X. ^ 

To reprefent a tempeji by the magic tanUrri^ 

PROVIDE moplatcsof glafs^whofc 
frames are fo thin that they may both 
pafs freely through the groove of the lan^r 
tern at the iame time. 

On one of thefe glaifes you ate fq paint 
the appearance of the fea^ frpDithe flighteil 
agitation to the moil violent commotion* 
Reprefenting from A to B (PI. IV. Fig. i .J 
a calm} from 9 (o C afniaU agitation) with 
fome clouds ; and fo on to F and G, whic^ 
ihould exhibit a furious Aorm. Obferve, 
that thefe reprefentatiqns ^x% not to be 
diilind^, but run into each other, that they 
may form a natural gradation : remember 
alfo, that great part of the efFed depends 
oti theperfedion of the painting, and the 
pidurefque appear^mce of the deiign« 

Pfi the other glali (fig, 2.) you are to 
paint veflfels of different forhif and dimeor 

fion^^ 
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fiotts, and in different direffcions^ together 
Tnth the appearance of douds in the tem^ 
peftuous parta. 

You ar^ then to pafs the glafs {^ig. i-) 
Howly through tjhe groove, $tnd when you 
come %o that part where the ftorra begins, 
yoa are to move the glafa gently up and 
down, which will give it the appearance 
of a fea that begins to be agitated; and fo 
inpreafe the motion titl you come to the 
height qf th^ ftorn). At the fame titne 
you are to introduce the other ghfs vrith 
the ihips^ and moving that in like i^an-^ 
fier^ you will have a natural reprefenta^ 
tion of the fea, and of fliip^ in a calm and 
in a Oorm. As you draw the glaflfes Oow^ 
ly back, the tempefl will feem to iabfide, 
the fky grow clear, and the ihlps glide 
gently over the waves. 

This j^ffed of the magic lantern muft 
^certainly afford more pleafure and fur- 
prize, than to fee figures, frequently badly 

painted^ 
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^inted> appear one after the other m the 
^idft of a lumiQOu$^ckcle» as in a medal ; 
whofe form, befidcs being difguftful, pro- 
vents you from feeing any two figures, to- 
l^etheff without the ^he^Kl and legs of one 
«f them being entirely hid: an inconvenl«» 
.«nce that is abided by this new metkodt 
tjftn when you i]&ake ufe of the commoii 

By means of two glafles difpofed in this 
manner you may likewife reprefent a battle^ 
or fea fight, and numberlefs other fubjeds^ 
tKat every one will contrive according to 
his own tafite. They may be alfo made to 
reprefent fome remarkable or ludicrous ac- 
tion between different perfons, and many 
other amufe:ments that a lively imagi'na- 
^n will eafily fuggeft. The inftance we 
here give (fays M, Guyot) being intended 
merely as an example, and to (hew that 
this machine is capable of producing much 
piore remarkable cffiTeds than have been 
llitherto exhibited, ' 

RECRE.'' 
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^ , ^tbe mhulmi magic lantern. ' 

npHE light 9f the «xa^ic lai^tern, ^i^ 
-*• the colour 9f ijp^^ge^i ipay not o^^y 
be painted on a cloth, but alfo rcfledcdby 
pi cloud ^ fipoke. 

Provide ^ box of "VTOO^ or paileboar4 
A B (Pi. i Y. Fig. 3O of about four feet 
ixi^hy and of feven or eight inches fquai^ 
at bottom, but diminiihing as it afcends^ . 
fo that its aperture at top is-but fix inches 
long, and half an inch wide. At the bot- 
tom of this bok there muft be a door that 
ihutaq^uite dofe, by which you are to place 
in the box achafing-dijQb with hot cojils, on 
which is to be thrown incenfe, whofe 
fmoke goes out in a cloud at the top of the 
box.' It is on this cloud that you are tp 
throw the light that comes but of tlij^ 
lantern, and which you bring into a fmallef 
IpojBpdfs by draining out the moveable 

tube/ 
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tube* The common figures will here 
ferve. It is remarkable in this reprefen* 
tation, that the motion of the fmoke does 
not at all change the figures^ which appear 
ib eonfpicuous that the fpedator thinks he 
can grafp them with his hand. 

Note, In this experiment ipme of the 
rays paffing through the fmoke the reprc^ 
fentation will be mueh lefs vivid thah on 
die cjoth; and if care be not taken to r^ 
duce the light to its fmalleft focus, it will 
be ilill more imperfeA^ 

RECREATION XIF, 

To produce the appearance of a phantom^ up^ 
on a pedeftal placed on the middle of a 
table. 

TJ^ NCLOSEa common fmall magic 
^ lantern in a box A B G D (Plate 
IV. Fijg. 4,) that is large enough to 
contain alfo an inclined mirror M, which 
muft be moveable, that it may* reflet (he 

cone 
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CQific of light thrown on it by the lantern* 
in fuch manner that it may pafs out at the 
aperture made in the top of the box* There 
ihould be a flap Vith hinges to cover the 
openings that the infide of the box may 
not be feen when the experiment is not 
making. This aperture fliould likewife 
be oval, and of a fize adapted to the cone 
of light that is to pafs through it. 

There muft be holes made in that part 
of the box which is over the lantern, to let 
. out the fmoke ; and over that part mull be 
placed achafing-difliof an oblong figure^ 
and large enough to hold feveral lighted 
coals*. 

There muft alfo be a glafs that will a- 
£rend and defcend at pleafure in the vertical 
groove a b. To his glafs let there be fixed 

* This cbsfiagdifii may be eoclofed in a paint* 

cd tin box of about a foot high, with an aperture 

lit top fomtthin^like Fig. 3. It ihould ftand on 

' four ihort faet^ to give loom ibr the fmoke of the 

•4aap CO pafs out. 

a cord 
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k cord, thit, going over a pulley c, i>itfe# 
Slit ttihe box attfie fid*: C D, by which' 
ftie giafs may be dfawn up, and will dtff 
^'^hd by its^ own weight. 

Dn tliis glafs thsif be painted a fpeftre, 
6t ariy other m6re pldafihg figure. Ob- 
fefV^ thit the figures muff be contradted id 
drawing, as the cloud of iinoke does not 
ciit the cone of light at right angles, and 
therefore the- figures will appear longer 
diaa they do on the glafs» , 

After you have lighted the lamp in thd 
faritern, and put the mirror iii a proper di* 
region, you place the box or pedeilal 
A£CD an a tabfe, and pulling the cfaafiiig-^ 
diifli in it, throw fonic inccnfe in powdei* 
on the coals. Y6\k thetx opdh a trapdoor/ 
and let down the glafs flowly; and whed 
3^u perceive the fmoke dmiiiiifh yon<draw, 
up the glafs, that the figure may difappear^ 
and (hut the tt^pdoor» This appearadce 
will occafipn no fniall furprize,'its^theYpco-«* 
•'"' -" 2 .trc 
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tre will feem to rife gradually out of the 
pedeflal, stttd cJA drawing lip the glafs will 
difappear in an inftant. Obfervei that 
whcnyou exhibit this Recreation you muft 
fhit 6ttt 111 the lights m the room ; ind the 
bo* fhpuM be placed on 21 high table, that 
the IpcSatofs may not percerve the apef- 
ftire by which the light comes out. ITho* 
we have mentioned a fmall magic lantertf; 
yet the whole apparatus may be fo en-* 
larged^ that the phantom may appear of a^ 
iformidable fize. 

By* h-aving;glaflres properly painted, you 
may alfo' produce the image of a flower,* 
Of a: canf, &c. *Rke one you have burdt, 
and ta(f the aihe? into the fire with thtf 
kicenfe, and by that means pretend to make 
the ima^e rife outof the afhes^j. with many 
other devices that every one may contrive 
of that kind wiiich (hall pleafe himi bd!. 
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the third one : that diflFcrent fubjeCts of 
figures. antih decorations may be paffed^ 
either fideways, afcending, or defcending^, 
fo that the fcenes of a theatre may be 
the more exadly imitated*. Enclofe thefc 
grooves between two convex redangular 
glafles, of fix inches longy and five inches 
highland of about twenty inches focus; one 
of which muftbe placed atO> and the other 
toward P. Have another tube Q^ of 
about a foot long, which muft enter 
that marked H ; and at its outward extre- 
mity place a lens of about fifteen inches 
focus. 

There muft alfo be a thif d tube R, four 
inches long, which is to enter that mark- 
ed I : to the exterior end of this adjuft a 
concave mirror, whofe focus muft be at 
feven or eight inches from its refleding 
furface. 

« In the decorations, the clouds and the pa- 
laces of the Gods fliould defcend ; caves and in- 
fernal palaces fhould afcend i earthly palaces, gar- 
dens, &c. enter at the fides, 

this 
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This magic lantern being thus adjuft- 
fed, nothing more is neceflary than to pro- 
vide giafles, J)ainted with fuch fubjeds as 
you would reprefent, according to the 
grooves they are to enter. Thle lamp is 
then to be lighted, and placing a glafs in 
one of the groves, you draw out the move- 
able tubes till the objedt paints itfelf on a 
cloth to the moft advantage : by which 
you determine the diftance of the lantern, 
and the fize of the image. You then make 
a hole in the partitiorrof that fize^ arid fix 
m it a plate of clear glafs, over which you 
pafte a very thin paper, which muft be 
Varnifhed, that it may be as tranfparent as 
jpoffihle. , 

It is oii this p^pet thslt are to be exhi- 
bited the images of all thofe objeds, that 
by paffing fucceffively through the groves, 
are to reprefent a theatric entertainment. 
This exhibition will be the more agree- 
able, as the magic lantern being conceal- 

|chind the partition, the caufe of the 
E 2 illufion 
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illufton cannot by any means be difco- 
vercd. 

In order to fhow more clearly in what 
manner a fubjeft of this fort (hould be 
painted, and the glaffes difpofed, we will 
here make choice of the fiege of Troy for 
a theatric fubjea ; in whdch will be found 
all the incidents neceflary to the exhibi- 
tion of any other fubjed whaterer. 

In the firft aft, the theatre may repre- 
feht, on one fide the ramparts of Troy, 
toward the back part the Grecian camp» 
and at a farther diftance, the fea and the 
ifle of Tenedos. We will fuppofe the 
time to be that when the Greeks feigned 
,to raife the fiege, and embarked, leaving 
behind them the wooden horfe, in which 
wcrecontsdned the Grecian foldiers. 

On a glafs, therefore, of the fame width 
with the aperture made in the fide A C of 
the box, you are to paint a deep blue cur- 
tain. 
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tain^ lightly charged with ornaments, 
quite tranfparent. This glafs is to be 
placed in the firft verticle groove, fo that 
by letting it gently down*, its image may 
appear to rife in the fame m aiiner as the 
curtain of a theatre. 

you muft havefeveral glafles of a pro- 
per fize to pafs through the horizontal 
grooves, and of different lengths accord- 
ing to the extent of the fubje£t. You may 
paint. 

On the firft, the wails of Troy. . 

On the fecond, the Grecian camp« 

On the third, the fca, the ifle of Tene- 
dos, and a ferene fky. 

On the fourth, the Grecian troops, by 
detached figures. 

On the fifth, other troops, difpofed in 
battalions, and placed at a diftance. 

* All the glafles that are to rife and defcend 
muft be bordered with thin pieces of wood, and fo 
exaSly . fill the grooves, that they* may npt ilide 
down of themfelves. 

E 3 On 
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On the fixth, divers veffels, which aa 
the glafs advances in the groove diminilh 
in fize. 

On the feventh the wooden horfe an4 
Sinon. 

On the eighth, Trojan men and wo- 
men. 

Thefe glafles being properly painted*^^ 
you place in the horizontal grooves the 
firft, fecond, third, and fourth- Then 
draw up the curtain, by letting down the 
glafs on which it is painted, and draw a- 
way gently the fourth glafs, and after 
that the fecond ; then advance, very gent- 
ly, the fifth, that reprefents the em^ 
barkment, and pafs it quite through. 
Next pafs, the oppofite way, the fixth,t 
which reprefents the Grecian flpet. The 
objeds painted on the fourth, fifth, and 
fixth quite difappearing, you are to adr 
yance the feventh, on which is painted the 

# Unlef^ yoM can procure glafles well painted, 
}t were better to reprefent fome comic fubjcd, 
lyhere eomixion paintings may fuffice. 

wooden 
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woodea harfe, and at the fame time the 
eighth, where the Trojans will appear to 
draw the horfe into the city. The cur- 
tain is then to be let down, that you may 
withdraw the fcenes of the firft adt, and 
place in the grooves thofe that are to com- 
pofe the fecond. 

In the fecond ad may be reprefented 
the interior part of the cfty of Troy : on 
one fide may be feen the wooden horfe, 
and in the back part the temple of Pallas. 
The glafles for this aft may be painted in 
the following manner. 

On the firft, may be palaces and houfes, 
reprefenting the infide of a city. 

On the fecond, the temple of Pallai 
in the centre, with a clear night and the 
moon. In the front may be feen the 
wooden horfe, that the Trojans have placed 
near the temple of Pallas. 

On the third, a troop of Greeks, with 

Sinon at their head, who are going to 

E 4 open 
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open the gates of the city to the Gre,. 
cians. 

On the fourth, diflFereat ti-oop$ of arm-r 
cd Greeks ; painted on n long glafs, to 
affprd variety, 
. On the fifth, feveral troops of Trojans, 
On the fixth, various appearances df 
fire and fmoke, fo difpofed, that this glafs 
being drawn up above the others, the ob- 
jeds painted on the firft glafs, may appear 
in a conflagration. 

Pefore you draw up the curtain you 
0iould place the firfl and fecond glaffes. 
You thenpafs the whole third glafs flowly; 
a little after, the fourth, on which are 
painted the diflRerent bodies of arme4 
Greeks, and at the fame time, from the 
pppofite fide, the fixth glafs, that re- 
prefents the Trojan troops; obferving to 
inoye them flowly both in advancing and 
retreating, to imitate a combat*. Therj 

• He that moves the glaffes, feeing the effeft 
they produce, is the better able to render the rp^ 
prefentation as natural as poffible. 
' draw 
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jiraw up, by degrees, the fixth, oft v^hich 
^re paiated the fire, flame, and fmoke, fo 
that the palaces and hpufes painted on the 
firft glafs, may appear to ta.ke fire gra- 
dually, and at laft pr^feat ^ general confla- 
gration. After having reprefented thefe 
incidents with the greateft attention, you 
let fall the curtain fo, prepare for the 
third aa. | 

i 

I 

In the third ad may he reprefented the 
infide of Priam's palace, where is fcen an 
altar, round which feveral Trojan princefles 
appear, who have fled thither for fafety. 

• On the firfl: glafs may be painted the 
palace. 

On the fecond, a view of the back part 
of the palace, with the altar. 

On the third, Priam with feveral Tro- 
jan men and women. 

On the fourth, Pyrrhus, and a troop 
of Greeks. 

On the fifth, the fame aSors, with the 
palace in flames* 

On 
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On the fixth, A conflagration. 

The two firfl: glafles which are to be 
drawn up, ffiould be placed before you 
raife the curtain. Then pafs the third ; 
next advance the fourth, which being 
drawn up, difcovers on the fifth the palace 
in flames, then drawing up the fixth, let 
down the firft, that the palace may- 
appear entirely defl:royed by the con- 
flagration. 

The fourth a6t may reprefent the en- 
virons of Troy, with a difl:ant profpedk of 
the fea. The firft and third glafles of the 
firfl: ad may be here ufed, to which may 
be added a third, reprefenting Eneas bear- 
ing his father Anchifes, followed by his 
fon lulus, and fome Trojans. With this 
glafs may be reprefented the flight of the 
Trojans, and the embarkment of Eneas, 
with another glafs, on which are painted 
certain veflels. 

To this afl: the following fcenes may be 

added. .The cave of iEolus; the back 

4. part 
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part of the cave ; ^olus ; the winds ; 
Juno ia her chariot* 

The fifth ad (hould rcprefent the open 
fea, with the fleet of Eneas failing for 
Italy, 

On the firft glafs muft be painted the 
fea, as in the tenth Recreation, or elfe 
the waves fliould be imitated by another 
glafs under the firft. 

On the fecond, The Trojan fleet. 

On the third, Neptune in his car. 

Pn the fourth, the palace of Jupiter. 

On the fifth, the infide of the palace ; 
the Gods aflembled in council, with Ve- 
nus, obtaining leavp of Jupiter for Eneas 
^o land iij Italy. 

After having placed the firft glafs, that 
reprefents a calm fea, the curtain is raifed, 
and the fecond fcene is advanced, which 
contains the Trojan fleet. The firft is 
then brought forward^ to reprefent a vio- 
lent 
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lent tcmpeft : then raifing the third glafs, 
Neptune appearS) who commands the 
waves to be ftill, which is done by mak- 
ing the tempeft fubfide by degrees. The 
fleet then advances, and pafTes over the 
whole theatre : prefently after the fourth 
and fifth fcenes defcend, that rcprefent 
Olympus, and finifh the exhibition. 

Note. We muft here repeat, that if you 
would reprefent a fubjeft of this fort to 
advantage, it is quite neceflary that the 
glafle? be well painted : and thofe that are 
to be in front, fhould be in ftronger and 
more opaque colours, that the images 
of thofe behind may not appear mixed 
with them, which will be the cafe if th?y 
are all equally tranfparent. 

The glaffes fhould alfo be of diflFerent 
lengths, that fome being placed before 
the pthers are drawn away, their ex- 
tremities may not be perceived. 

The 
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The larger thefe fubjafts are reprefent- 
ed the better eflFe<a they will have : the 
front of the theatre fhould appear to be 
about three feet wkle : and, as we iiave 
faid elfewhere, if fome parts of the figures 
were moveable it would ftill add to the 
variety of the entertainment. 

This and moft of the other Recreations 
we have, here given in the two firft parts 
of Optics, appear to have been invented by 
M. Guyot, who has taken no fmall pains 
in the improvement of this fort of re- 
€reatioas. 
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CATOPTRICS* 

CATOPTRICS is that part of optids 
which explains the properties of W- 
fle<led light, and particularly that which 
is refleded from mirrors. 

DEFINITIONS. 

I. Every poliflied body that refledsi 
the rays of light is called a mirror, whe- 
ther its furface be plane, fpherical, coni- 
cal, cylindric, or of any other form 
whatever. 

2. Of mirrors there are three principal-^ 
ly ufed in optical experiments, which are^ 
the plane mirror, G H I, (Plate V. Fig / .) 
the fpherical convex mirror, GHI, (Platef 
V. Fig. 2.) and the fpherical concave mir- 
ror, GHI, (Plate V. Fig. 3.) 

3. The point K, (Plate V. Fig. 2 aind 3-) 
round which the refle(5ting furface of a 
fpherical mirror is defcribed, is called its 
centre. The line K H, drawn from its 

center 
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center perpendicular to Its two furfaces, 
is the axis of the mirror, and the point 
H, to which that line is drawn, is its 
vertex. 

4. The diftance between the lines AG 
and BG,^ (Plate V. Fig. i.) is called the 
angle of incidence, and the diftance be- 
tween B G andX G is the angle of 
reflexion. 

APHORISMS. 
I. In a Plane Mirror. 

1. The image DF, (Plate V. Fig. i.) 
will appear as far behind the mirror, as 
the objed AC is before it. 

2. The image will appear of the fame 
fize, and in the fame poll t ion as the 
object. 

3. Every fuch mirror will refle(3: the 
image of an objedl of twice its own length 
and breadth. 

4. If the objed be an opaque body, and 
its rays' fall on the mirror nearly in dired 
lines, there will be only one image vifible, 

wh' " 
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which will berefleded by the inner furface 
of the glafs. But 

5. If the objed be a luminous body, and 
ita rays fall very obliquely on the mirror,; 
there will appear to an eye placed in a pro- 
per pofition, feveral images ; the firft of 
which, refleded from the outer furface of 
the glafs, will not be fo bright as the fecond^ 
refleded from the inner furface. The fol- 
lowing images^ that are produced by 
repieated rfefledidhs of the rays between 
the two furfaces of the glafs, will be in 
proportion lefs vivid, to the eighth ot 
tenth, which will be fcarce vifible. 

II. In a Spherical Convex Mirrot. 

i. The image DF, (Plate V. Fig, 2.) 
will always appear behind it. 

2. The image will be iii the fame 
pcfitidn as the objed. 

3. It will be lefs than the objed. 

4. It will be curved, but not, as the 
mirror, fpherical. 

5. Parallel rays falling oii tkis riiirror 
will have tljie focus or image at half tiie 

diflance 



Digitized by 



Google 



RfidREAtioi^S. V$ 

^l^ance of tht center K, from the iriirrdh 

6. In cdnvcrgijDg rays, the diftance of 
fhe dbjea muft ht equal to half the dU 
ftahce of the cSenter, to make the iihagd 
kppear behind the mirror. 

7. Diverging riys will have their image 
it lefs than half the diftanee of the center* 
If the 6bje£t be placed in the center of the 
mirror, its image will appear at one -eighth 
bf that diftance behind it. 

Ill; in i Spherical Concave Mirror, 
I . That point virhere the image appeai^i 

bf the fame dimeniions as the obje£t, is the 

'feenter of that mirror^ 

1. Parallel rays will have their focus at 

fane half the diftance of thfe center. 

3. Converging rayfe will form an image 
befor^ the niirfor. 

4. In diverging rays, if the objeft bib at 
lefs than one half the diftancfe of the cen- 
ter, thfe image will be behind the mirror, 

. erea, eurVed, ind inagnified, as DEF 

(Plate V. Fig. 3 .) tut if the diftance of the 

bbje<a be greater, the image will be before 

Vol. XL F the 
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the mirror^ inverted and diminifhedj as 
DEF, ^ Plate V. Fig, 4.) 

5. The fun's rays falling on a concave 
mirror, and being parallel, will be coK 
lefted in a focus at half the diftance of its 
center, where their heat will be augment- 
ed in proportion of the fur face of the 
mirror to that of the focal fpot. 

6» If a luminous body be placed ki 
the focus of a concave mirror, its rays 
being refleded in parallel lines, will 
ftrongly enlighten a fpace of the lame di- 
menfion with the mirror, at a great di- 
ftance. If the luminous objeft be placed 
nearer than the focus, its rays will di- 
verge, and coxifequently enlightea a kr- 
ger fpace** 

IV. In all plane and fpherical mirrors the 
angle of incidence is equal to the angle of 
refledion f* 

* It IS on this principle that reverberators are 
conftrufted. 

t Th-is aphorifm holds true of cylindric mirrors 
alfo, and of thofe whofe furfaces arc cliptical, 
parabolic, &c. 

recre:- 
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RECREATION XIV. 

The boundkfi gallery. 

I^DNSTRUCT a box AB, (Plate VL 
^^Fig. I.) bf about a foot long, eight 
inches wide, and fik high ; or What other 
dimeniion you fhall think fit, provided 
it does not greatly vary from thefe pro^ 
portionsi. 

On the -ihfide of this box, and againft 
each of its oppofite ends A and B, place 
a mirror of the fame fi^e. Take off the 
quickfilver from the mirror that you place 
at B^ for about an inch ahd an half, at the 
part C, vvhere ybii are to ihake a hole in 
the box of the fame file, by which you 
tnay eafily view its infide. Cover the top 
of the box with a frame^ in which muft 
be placed a tranfparerit glafs, covered with 
gauze, on the fide next the inner part of 
the box. Let there be two grooves at the 
j[)arts E and F to receive the two painted 
toes hereafter mentioned. On two pieces 
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of cut pafteboard let there be flcilfully 
painted, on both fides (fee Fig. 2. and 3.) 
any fubjedt you think proper ; as woods^ 
gardens, bowers^ colonades, &c. and on 
two other pafteboards, the fame fubjefls oa 
one fide only ; obferving that there ought 
to be on one of them fome object relative 
to the fubjedt placed at A, that the mirror 
placed on D may not reflcdl the hole at C 
on the oppofite fide» 

Place the two boards {minted on both 
fides (Fig* 2. and 3^) in the grooves E 
atkl F ; and thofe that are painted on one 
fide only, againft the oppofite mirrors G 
and D ; and then cover the box with its 
tranfparent top. This box fhould be 
placed in a flrong light to have a good 
effea^ , 

When the eye is placed at C, and view.^ 
the #bje(5ts on the infide of the box, of 
^hich fome,, as we have faid, are psunted 
on both fides, they are fucceffively reflefl:-^ 
cd from one mirror to the other ; and if,^ 

for 
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for example, the painting conGfts of trees , 
tlicy will appear like a very long vifta, of 
\7hich the eye cannot difcern the end : for 
each of the mirrors repeating the objeds, 
continually more faintly, contribute greats 
ly to augment the illufion. 

RECREATION XV. 

The four magicui mirrors. 

nr^AKE a Rjuarc box ABCD, (Plate VI. 
-* Fig, 4,) of about fix inches long, and 
twelve high * ; cover the inCde of it with 
four plane mirrors, which mud be placed 
perpendicular to the bottom of the box 
CHFD. 

Place certain objeifts in relief on the bot- 
tom of this box ; fuppofe, for example, a 
piece of fortification, (as Fig, 5.) with 
tents, foldiers, &c. or any other fubje^ 

♦ Wc do not mean to limit the box to this 
iize ; any other may be ufed, provided, however, 
that it have nearly the fame proportions. 

F 3 tftat 
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that ypii judge will produce an agreeable 
efFedl by its difpofition, when repeatedly 
irefleCted by the mirrors^ 

On the top of this box place a frame of 
glafs, in form of the bottom part of a py- 
ramid, whofe bafe A G E B, is equal tp 
the fue of the box ; its top ILMN, muft 
form a fquare of fix inches, and fhould 
not be more than four or five inqJies higher 
than the box, Covqr the four fides of 
this firame with a gauze, that the in fide 
piay not be vifible but at the top ILMN, 
V^hich fhould b^ covered with a tr4nfpa7 
^ent glafs* 

When you look into this box through 
the glafs ILMN, the mirrors that are 
diametrically oppofite each other, mu- 
tually reflefling the figures enclofcd, thQ 
eye behplds a boundlefs extent, complete-r 
ly covered with thefe objeds, ; and if they 
are properly difpofed, as in the example 
here given, in Fig. 5. the illufion will 
4 occafioi\ 
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occafion no fmall furprize, and afford great 
eatertainment 

Note, The nearer the opening ILMN 
is to the top of the box, the greater will 
be the apparent extent of the fubjedt* 
The fame will happen if the four mirrors 
placed on the fides of the box be more 
elevated. The objeds, by either of thefe 
difpofitions, will appear to be repeated 
nine, twenty-five, forty-nine times, &c* 
by taking always the fquare of the odd 
numbers of the arithmetic progreffion 3, 
5, 7, 9, &c. as is very eafy to con- 
ceive, if we remember, that the fubje£t 
enclofed in the box is always in the cen- 
ter of a fquare, compofed of feveral others, 
. equal to that which forms the bottom of 
the box. 

Other pieces of the fame kind (that la 
viewed from above) may be contrived, 
in which mirrors may be placed perpen- 
dicular on a triangular, pentagon, or 
F 4 hexagon. 
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Ive^goii (that b, a three, five* or itK«-fided) 
plane. All thefe diflfgrent difpofitions, 
properly dirpfted, as well with regard tq 
the choice as pofitioa of the obje(5tfr, will 
conftantly produce very rems^rkabl? anc^ 
pleafing lUufions. 

If inft^ad of placing the mirrors per- 
pendicular, they were to incline equally^ 
fo as to form part of a reverfed pyramid,, 
the fubjefl: placed in the box would then 
have the appearance of a very exteijf^v§ 
g|obi|l£|r or many-fided figure, 



IIECREATION XVI. 

^he enchanted palace. 

OH the hexagonal or fix-fided plane 
.ABCDEF (Pl,VILFig. I.) draw fix 
feoiir^iameters GA, QB, GC,GD, GE^ 
GF, and on each of thefe place, perpen- 
^jcijlaflyi two plane mirrors, which muft 

Joir^ 
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JoiD e:sa£tly at the center G*. Decorate 
the exterior boundary of this piece (which 
is jit the extremity of the angles of the 
hexagon) with fix ccdumna^ that at the 
fame time fervc to fupportthe mirrors, by 
grooves formed on th^ir inner iidea. (See 
Jhe profile. Fig,, i.) Add to thefe columns^ 
their entablatures^ and cover the edifice iii 
fuch manner as you fhall think proper. 

In each one of thefe fix triangular 
rpaces, comtained between two mirrors, 
place little figures of pafteboard, in relief, 
reprefenting fuch objeiSis as when feen in 
^n hexagonal forip will produce an agree* 
^le efftdt^ To thefe add fmall figures o£ 
enainel ; and take particular care to coi&-*^ 
/ceal, by fome objedl that has relation to 
the fubjed^ the place where the mirrors 
join, which^ as we have faid bcforej all 
na$Qt in the coqimon center G. 

♦ Thefe mirrors, placcid jback to back, muft be 

When 
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When you look into any one of the 
fysi openings of this magical palace, the 
objeds there contained being repeated fix. 
times, will feem entirely to fill up the 
tfhole of the building. This illufion will 
appear very remarkable ; efpecially if the 
objeds made choice of are properly adapt- 
ed to the effed that is to be produced by 
the mirrors. 

Note, If you place between two of thefe 
mirrors part of 9 fprtification, as a curtain 
and two demibaftions^ you will fee an Qn^r 
t^re citadel, with its fix baflions. Or if you 
place part of a ball-room, ornamented with 
chandeliers and figures in enamel, allthofe 
ob^ds being here multiplied will afford ^ 
very pleafing profped, 
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RECREATION XVIL 

^0 4raw an irregular figure^ which JhaU 
appear regular when "viewed inaplaw 
mirror^ » 

TpVlVIDE the fquare A B CD (PI. VIF^ 
^^ Fig. 2.) into fuch number of lefler 
fquares as you fliall think proper, and thea 
draw on it the fubje£t you would repre- 
fent. Make the line G F (Fig. 3.) equal to 
f fide of the fquare A B C D j and after 
having divided it into two equal parts at 
the point E, through that point draw the 
indefinite line A B, which muft ci^t th^ 
line G F at right angles. Take any two 
points in the line AB, as A andB, equally 
diftant from the point E, and draw from, 
the point A the lines A C and A D, which 
you muft continue till they meet the line 
gp, parallel to GF. 

On the point A draw AH perpendicu- 
lar to A B, and of an equal length with the 

Unc 
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line C D, that is, double of that which 
forms a fide of the fquare A B C D. 

Divide the line CD into as many equal 
parts as there are in a fide of the fquare 
A BCD, and from the point A draw the 
lines A a^ A b. From the point of view 
H, draw the Kne H D, which by cutting 
the lines Aa, A B, A ^, will fhow you the 
points of the fe<aion from whfch you are 
to draw the Uaes/^, parallel to G F and 
CD. 

Then tranfpofe on the trapezium, ov 
irregular four-lided figure, GFCD (which 
will be divided into as many perfpedive 
iquares as there- are natural fquares iii 
Fig- I. ABCD) the defign traced on that 
fquare ; and on the line F G, place per-r 
pcndicularly a mirror of an equal fizewith 
that fquare. ' The diftorted figure traced 
on the trapezium GCFDbeingthen viewed 
in the mirror from a point elevated per- 
pepdicalarlyLaira^the point B, to the height 

* of 
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of CD, will appear exadlly fimilar to that 
traced on the fquare ABCD. It will ap- 
pear equally regular if the mirror be takea 
away, and it be viewed from the point H- 

Note, Before you colour the diftort«d 
£gure drawn on the trapezium, you &attld 
pafte k on a board of a parallelogram fi« 
guf e» whofe fides are equal to tbe lines 
EB and CD; and fill up Ae fpace beyond 
the trapezium with fucti iigures as you 
ihall think proper, the betta: to dif-^ 
guife it : thefe extra %urc8 ^ill not a|i- 
pear in the mirror, if you hare the pre- 
^utton to raife at the point B a ftaad thai 
ikall bear a circle with a fmall hole, thiiD^ 
which the objedl is to be feen in the mir- 
ror. This contrivance will confidcrabl/' 
augment the illufion« 
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RECREATION XVIlfi 

The magical diah 

ROCU^RE a diai-cafe as ABC D [v\i 
VII. Fig. 4.) of the fize of thofe that 
are cortimonly ufed to hold a watch* Let 
it be placed on aped6ftal CDEF, in which 
thete mtiflbe a fmali drawer H, that canhold 
the plate ABCD, (Fig, 5.) oti which platd 
draw the circle of hours E, and in the 
center let there be a magnetic needle, 
placed on the point of an axis, which» 
paffing through the plate, carries on its 
other point an artificial magpet, that mud: 
be concealed in the part under the plate*. 

Place at the bottom of the dial cafe, at 
the part h another dial, the hours of 

* The magfietic needle itfelf majr do, if it hi 
not too far from the other dial. That this needlef 
may not be fufpeded of having been touched ii 
may be gilt, fo as to appear like brafst 

irhJcK 
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tvhich are to be rcverfed, as is cxpreffcd 
in Fig. 6. and whofe hour of twelve mil ft 
be placed next the front of the cafe G. 
Adjuft a pivot to the center of this plate^ 
and fix on it a magnetic needle. 

Cover the openings at the fides of the 
front ofthe dial -cafe (except where the dial 
appears) with a glafs, lined with gauze on 
the infide> that the light may pafs in and 
illumine the dial that is there placed. 
Toward the top of the dial-cafe place an 
inclined mirror L M, which by refle£ling 
the dial placed at the bottom of the cafe, 
tvill make it vifible at the part N, where 
you muft adjuft a circle of pafteboard> that 
bordering the part where the dial appears^ 
and being placed on the infide, will pre- 
vent the borders or the back part of the 
mirror from being feen* 

Matters being thus adjufted, when the 

hand of the dial (Fig 5,) is fet to any hour, 

and it is placed in the drawer, fo that the 

hour 
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boor of twelve may be next the ring by 
which it id pulled out, the hand of thcf 
other dial, placed at the bottom of the 
cafe, will diredt itfelf to the fame hour, 
and by looking at the part N, you will 
fee by the refledion of the mirrdr, thd 
hour appear in the front of the dial plate:. 

Give the dial (Fig- 5*) to any oxie, and 
tell him to fet the band, privately, to any 
hour he pleafe, and then place it in thd 
drawer, only obferving that the hour of 
twelve be next the ring,, and he will theii 
fee that tiie hand of the dial at top will 
diredl itfelf to the lame hour* 

Note, If attention be had to plice thd 
dtal-iafe fo on the table, that flie hand of 
tbe dial which is concealed (and which 
lATill of itfelf turn towird the north, when 
the other dial i$ not under it) direa itfelf 
to the prefent boat when the experiment isi 
inaking, it will appear the mote e&traor-s 
' nary J 
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dihary ; becaufe* tvhen the drawer is taken 
away, it will agairi turn to the prefent hoUr, ■ 
whieh will render the caufe bf the illuGon 
ftai more my fterioiis. 

RECREATION XIX; 
: l^he box ofdhinalion. 

LE T a box be made with hinges, like 
A BCD (PL VIII. Fig. I.) of about, 
eight inches long, two wide, and half an 
inch thick; divide the infide of it iqto 
four equal parts, by fmall partitions. 
Have four fmall cafes E, F, G, H, which 
will each of them fit any of the divifions, 
and in each of them you muft fix a fm^U 
artificial magnet, whofe poles are to be 
placed as is exprefled in the figure. Co- 
ver thefe cafes withpafteboard or very thin 
ivoiry^ on v^hich you are to write any four 
figures you fhall think fit. 

To a table I L, Whofe wood is not too 

thick, fit a drawer, at the bottom of which 

. Vol- IL G muft 
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muft be placed an mdined mirror MN, a( 
the fame leiigtb and brradth with the box 
juft mentioned. Under the board that- 
formd the top of the table* and toward the 
fide where the drawer opens, place afmall 
brafs rod, turned up at its extremities^ and 
on which there mttft be Tour pivots, at die 
fame diftance from each other a$ are the 
centers of the cafes placed in the box. 
Thefc pivots are to fupport four circles of 
pafteboard V QR S (Fig. 2, and 3.) which 
qiuft each of them have a magnetic 
needle* 

Cbferve, that the figures on the pafte- 
bdMrd muft not only be reverfed, bnt muft 
be Wfoleon the under fide, next tht bot- 
tom of the drawers, that when «t is opened 
they way be feen in the mirror there 
pkced. Have M^^ard alfo to the difpofi*^ 
tion of tlic poles of the fteedles, in Ac 
manner as h clearly expreiTed in the tl^rd 
figure^ 

> Matters 
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Matters beiiig thus prepared^ when you 
have placed on the table the box and the 
four nutiibers there included, fothat they 
may be exadly over the four circles of 
jpafteboard concealed in the drawer, that 
is, that the centers of the one iniy be pre*- 
tifely over the centers of the other, the nee- 
dles oa the circiea will conform them felves 
exaflly to the magnets in the cafes ; fo 
that if an in ft ant after haviRg placed the 
box^ ycAi opeii the drawfe^fo far as to fee 
the mirror, you will there perceive the 
number that the four figures on the cafes 
maker 

Then give the box and the four cafe* to 
any one^ and tell him to form privately 
any number, by placing the cafes in what 
order he (hall thinic fit, and return you tha 
box firmly clofed. You thenplaceiton the 
table over the circles, and opening the 
drawer,' under pretence of taking out an 
opera- glafs, you caft your eye on the mir- 
ror, and obferve the order of the figures 
G 2 there 
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• * 

there expreffed. You then (hutthedra^ef. 
and retiring to a diftance, pretend to diC- 
cern, by the ope'ra-glafs, the numbet you 
have obferved* 

RECREATION XX* 

The magical perfpeSlives. 

AT the bottom of an heptagonal or fe- 
ven-fided box. as A B G D E F G 
(PI. VI 11. Fig. 4.) of about eight inches 
diameter and an inch and a half deep** 
Place a circle of pafteboard, of five inches 
and a half diameter, very light and move* 
able, on a pivot fixed in the center H : on 
this circle fix a ftrongly magnetic needle I, 
and divide the circle into 2 1 equal parts, 
as is expreffed in Fig. 7. The top of the 
box is to be covered withglafs,over which 
you muft parte a fhedt of very fine paper, 
painted the fame colour with thebox, and 

* This bpx ihotild be fo ccnftruflcd as tor ap- 
pear to be * the pcdeflal to the three pctfpedivea 
hereafter dfefcribed. 

var^ 
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varniflied, that the light may eafily paft 
through it, and iHuminethe objeds which 
are to be wrote or painted on the pafte- 
board circle. On the middle of the top 
of this box ereda column I (fee Fig. 5.) 
fupported on a pedeftal M, and crowned 
with its capital N. 

In the glafs that covers the box there 
xnuft be three circular holes, at egual di- 
ftances from each other, as 0,P,Q^, each 
of them three fourths of an inch in dia- 
meter, and on each muft be fixed, im- 
moveable, a perfpedive glafs, like that in 
the fixth figure of this plate. 

ConJlruStion of the per/peciive glof. . 

> 

Provide a ftand of wood A (Fig. 6.) in 
which a hole is made from top to bottom, 
pf ;-4ths of an inch in diameter; on this 
ft^nd place the perfpcflive H C, which 
muft have a fecond tube D, like the com- , 
mon glafles. In the Jarger part of it F, 1 
G 3 there 
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tl^ere muft be a fmalloval mWroi E; ivhich 
' inclities or is elevated as the hibe D is 
thruftin or drawn qut. Ler there be a cir- 
cular hole at\hat part of the^tube which 
refts op the ftand A, that when tic mirTor 
is inclined^ you may fee through the ftand 
of the pqrfpcdive any objed that (hall be 
placed in the box, under one of th? holes 
O P (^. Let the ^bree perfpefkives fo 
conftrudtedhe plaqcd, immoveable, over 
thofe thrtrq bples. 

^he combinaiim ofobjeSl^^at may he draiim 
on the moveaik cinl^ in the box. 

This circle is to be divided, as we have 
faid, into 2 1 equal parts, ?nd eachof thefc 
4i^i(ions muft appear under each of the 
openings O, P,C^ as the circle turns roi^d 
on its pivot* 



* At the bottom of the Hand of eacbperfpe^live 
there tnay be placed a 1^$ of five or fix inches in 
^wmctcr, to Hiignify il^cobjea. 
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Yt^tt tire todetf mine what three objeAfls 
you would have appear UDder the three 
perffedlves; aii4 fuppoiing, forexamplei 
that diey are reprefented by the numeral 
figures I, 2 J and^, you will find that thefe 
three figures will admit of fix combina-^ 
tions or different difpofitions, as 

«52,3- 1,3,2. 12^1,3. 2,3,1. 3,1,2. 3,2,1*- 
Thctt place the numbers, or the objefts 
they reprefent, in fuch order that the firft 
number, i, of the firft combination 1,2,3, 
may be in the firft divifion A, of the circle, 
(fee Fig. 7.) the fecond number, 2, in the 
eighth, and the third number, 3, in the 
fifteenth divifion : that the firft number, 
%, of the fecond combination, may be 
placed in the fecond divifion B; the fe-- 
cond number, 3, in the ninth divifion; and 
the third number, 2, in thefixteenth divi^ 
iion,&c. Having thus filled up eighteen of 
the divifions with the fix combinations 
of numbers, the other three are to be left 
l^laftk. 
. ^See vol. I. page 9. apborifin 16. 

G 4 The 
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The circle being thuS'prdpared> is to be 
placed, op itS{^ivot,a«4tc>,ops 6f the-feyea 
fi<les of the box (Fig 4.} ia to be adjuiied 
a lever.pr :ftop, that bcjeg let down oh 
the circle, at pl^afare, naay prevent \i fforn 
turning. 

When the three perfpeSives are placed 
pn the bo:^, and turned toward the column 
erected on its center, if the fmalleft tube 
be thruft in, it raifes the mirror that is con^ 
tained in each of th?m, ar^d, by the hol^ 
B the column i$ feen. If on the contrary 
the fmall tube be drawn a little way out, 
jhe mirror becomes inclined, and you then 
fee one of the threeobjeSs that are placed 
in the boj^^t H^der each opening in the 
(landis oftheperfpedive. ^nd thefe objeds 
will neceffarily appear in the order of one 
of the fix combinations of which they are 
jilone fufceptible. 

By placing the box on the table, 
\^ which a magnetic bar, fix inches 

long, 
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long*, ihilfl: be concealed^ and whofe di- 
redion you know, you may eafily make 
the three objefts above mentioned appear 
oppofite the three boles O, P, Q^ with all 
their changes ; for nothing more is necef- 
fary than to place the box according to a 
m^rk that is on the table, oppofite to which 
you are to place one of its feven fides ; 
and by letting down the private check you 
keep the circle fixed. 

The amufements that are to be made 
with thefe perfpedives may be varied ac- 
cording to the number of different objedts 
that can be placed on the moveable circle. 
We (hall content ourfelves here with giv- 
ing an example in numbers, which may 
be applied to any other fubjedt, the dif- 
ference of objects making not the lead dif- 
ference in the manner of performing this 
Rccreatiop ; which, when well executed, 

» This bar fhould be-ftrongly. impregnated, that 
ft oiajr readily turn the pafteboard circle. 

nev?r 
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never fails to excite the liighcft admtra- 
tiop. 

Firft then, you are fo to place tlic move- 
able circle, that the three divifions on 
which there is nothing wrote may appear 
under the three holes O, P, QJ^, and the 
fmall tube of the pcrfpedives is to be 
Jo difpofed that the mirrors on the infide 
may incline to forty-five degrees f , and re- 
flect the objeds placed under thofe holcs.The 
perfpeftives being thus difpofed, they are 
placed on the table, and liberty is given 
thofe that delire it, to look into them, as 
they can then fee no objed:. You are then 
to prefent to three different perfons, three 
fuch objeds as you (hall think proper J j 

* This muft be done privately, by means of 
the checki before the macluDe is brought to the 
table. 

t That is^ be half way between a line drawn 
{)erpendicular to the ground, and its furface. 

X Thefe objedls raay be either numbers, flowers, 
cards, mottos, ^c. it is only neceffary tliat the cir- 
cle be properly painted. You oiay alfo have di£« 
ferent circles to vary the Recreatioi^ yet farther, 
^y privately cfianging thetn. 

yre 



Digitized by 



Google 



RECii Nations. 91 

we will fuppofe beire the three nuin-> 
bers I, 2, 3. When each of the three 
perfons b«s jnade-cboice of one of thefe 
pumbers, you roll the threecards on which 
they arc wrote, altogether, and put them 
into the column, opposite to whieh the 
three per fpedives are placed; and give 
each perfon liberty to chode in which glafs 
he will fee his dbjed *. 

When the three parties have chofe 
their pcrfpedivc*, the box is to be placed 
on the table, where the bar is concealed, 
taking due care to {pt it in fuch diredioa 
that the openings O, P, Qj^ may corre^ 
fpond to thofe parts of the circle on which 
the objeds are wrote. A fliort time muft 
be given the circle to fettle, and then the 

• It is iminatertal which glafs the firft perfon 
^boofes, before the Bqx is placed on the table, but 
if the fecood fliould not name that under which his 
pbjea is placed, the box muft be mowrd ; however 
it is an etjual chance but he does, Jind in that cafe 
they ro^y all tb^ee ftp their obje«as at the fame 
Ucac. 
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check muft be privately let down. The 
three pcrfons -then looking through the 
perfpeiftive they have each of them chofe, 
their objeds will naturally appear to them 
in that part of the column where their 
cards^ were placed *• 

Note, It requires fome ipemory to per- 
form this Recreation with facility, as you 
muft keep in mind the fix changes of or- 
der, which the liberty you give the fpcc- 
tators to fee through which of the glafles 
they pleafe, requires. You may, however, 
to avoid charging your memoiy, trace on 
the box certain figns, which at the fame 
time that they appear to be ornaments, 
may fliow you in what dircdion the box 
is to be placed. 

• You ' may then propofe to «iach cf them *to 
make him fee his objeuSfc through another perfpcc- 
tivf, which you do by removing the check, and 
putting the box in a difFcrent diredion. 

RECRE- 
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RECREATION XXL 

^he penetrating perfpeStive. 

WITHIN the cafe ABCD, (Plate X. 
Fig. I.) place four mirrors, 0, P,' 
(^ R, fo difpofed that they 'may each of 
them make an angle of forty-five degree?*, 
that is, that th^y may be half way inclined 
from the perpendicular, as in the figure. 
In each of the two extremities A B, make 
a circular overture, in otie of which fix the 
tube GL, in the other the tube MF, and 
obferve that in each of thefe is to be in- 
ferted another tube, as H and I*. 

Furni(h the firft of thefe tubes with an . 
ebjedt glafs at G, and a concave eye-glafs 
9X F. Yqu are to obferve, that in regulat- 
ing the focus of thefe glafles, with regard 
to the length of the tube, you are to fup- 

* Thefe four tubes muft terminate in the fub- 
ftanceof the cafe, and not enter the infide, that they 
may nor hinder the^fFeft of the mirrors. 

pofe 
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pofe it equal to the line G, or vifual pointed 
ray, which entering at the overture G, is 
rcflcded by the four mirrors, and goes 
out at the other overture F, where the oc* 
ctilar glafs is placed. .Put any glafs you 
will into the two ends o£ the moveable 
tubes H and I } and lailly place the ma^ 
chine on a (land E, moveable at the point 
S, that it may be elevated or depreflVid at 
pleafure. 

When the eye is placed at F, and youi 
look through the tube, the rays of light 
that proceed from the objed T, paifing 
through the glafs G, are fucceffively re- 
'fledJcd by the mirrors, O, P, R, and Q, 
to the eye at F, and there paint the objefll 
T, in its proper fiiuation, and thefe ray* 
appear to proceed diredly from that ob-- 
jeft. 

The two moveable tubes H and I, at the 
extremities of each of which a glais is 
placed, fcrve only the more to difguire the 

iilunon 
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illuliODy for they have no communi- 
cation ^ith the interior part of the ma- 
chine. This inftrumcnt being moveable 
on the ftand E, may be direded to any 
objeft ; and if furnifhed with proper. 
glafles wiH anfwcr.the purpofe of a com-^ 
xrton perfpedlive. 

The two moveable tubes H and I being 
brought together, the machine is directed 
toward any objed, ajid defiring a perfon 
to look in at the end F, you afk him if he 
fee diillndly that obje£l:. You then fepa* 
rate the two moveable tubes^ and leaving 
a fpace between them fufficient to place 
your hand} or any other folid body, you 
tell him that the machine has the power 
of making objeds vifible through the moft 
opaqtie body ; aiid as a proof you defire 
him then to look at the fame objed;« when, 
to his great furprize, he will fee it as dit* 
tin£l as when there was no folid body 
placed between the tubcs.^ 

Note, 



Digitized by 



Google 



96 RATIONAL 

Note, This Recreation is the more ex- 
traordinary, as it is very difficult to con- 
ceive how the efFedi is produced. The 
two arms of the cafe appearing to be made 
to fupport the perfpeftive glafs ; and to 
whatever objed it is direded, the effei3: 
is ftill the fame. 

RECREATION XXII. 

The magtciaiiB mirrors. 

TN the wainfcot of a room make twor 
-*• overtures, of a foot high, and ten 
inches wide, and about a foot diftant from 
each other. Let them be at the common 
height of a man's head ; and in each of 
them place a tranfparent glafs, furrounded 
with a frame, like a common mirror. 

Behind this partition placq two mirrors^ 
one on the outward fide of each overture,, 
inclinbd to the wainfcot in an angle of 
forty-five degrees*; let them be both eigh- 
teen inches fquarc : let all theipace be- 

* See page 90. 
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tWieen them be enclofed by boards or pafte- 
board, painted black, and well clofedt 
that no light may enter ; let there be alfo 
two curtains to cover them^ which may l)e 
drawn afide at pleafure. 

When a perfon looks into one of thele 
fuppofed mirrors, inftead of feeing his 
own face he will perceive the object that 
is in the front of the other ; fothat if two 
perfons prefent themfelves at the fame 
time before thefe mirrors, inftead of each 
one feeing himfelf, they will reciprocally 
fee each other. 

Ncite, Therri (hbUld be a fcohce with d 
bandle placed on each fide of the two glaf-* 
fes in the wainfcot, to enlighten the fiices 
of the perfons who look in them, other-^ 
wife this experiment will have no rematk-* 
abieeffeai 

This Recreation may te coiiGderatly 

ilhproved by placing the two glades in the 

Vol. It. H wainfcot. 
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wainfcot, m kdjoiriing rooms, anil a niitn- 
ber of perfons being previotifly platred ih one 
room, whehaftranger errters die otber,'ycru 
may tell him his face 'is dirty, iittd define 
him to look in the glifs, which he'Witl na- 
turally do ; and on feeing a ftrange face 
he will draw badk : but retiirriirig tb^it, and 
feeing another, another, atid ifaother, like 
the phantom Icings in Macbeth, ^hat hJs 
furprize will be is moire eafy to <:onceive 
than exprefs. After this, a Wal Inirrdr 
may be privately let dbWn oh' the back of 
the glafs, and if tec^nbc pfevdledtolook 
in it once more, he will then, tohi« farther 
aftonifhment, fee his own face ; and may be 
told, perhaps perfuaded, that allh^thought 
"he faw before was mere imiginatibh. 

How many tricks Icfs artful than this, 
'bave paffed in former times for fofcefy ; 
andpafsat this time, in fome countries, 
ipr apparations ? 

' Note, When a man looks in a mirror 
that is placed perpendicular to another, his 

face 
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face will appear entirely deformed. If 
the mkror be a^ little kidiined) 4b ^as to 
make an angle of .eighty degrees (that is 
one ninth part from the perpendicular) he 
.will then fee sill the par^s ofJiis face ex- 
cept the nofe and forehead. If it be in- 
dined to fixty degrees (that is, one third 
part) he will appear with three nofes and 
fix isyes : in fliort, the apparent deformity 
will vary at each degree of inclination; 
and when the glafs comes to forty -five 
degrees, (that is, half way downj the face 
will vanifti. If inftead of placing the two 
mirrors in this fituatlon, they are fo dif- 
pofed that their junftion may be vertical, 
their drfFerent inclinations will produce 
ether dffie<as; ^s the fUiiation^f the ob;^ft 
relative to thefe mirrors is quite different. 
The effeiSts of thefe mirrors, though re- 
markable enough, occafions but little fui^-- 
prize, as there is no method of con- 
cealing thecaufe by which they are pro- 
duced* 

Hz RE- 
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RECREATION XXIIL 

Ppiemofcopes. 

BY the tferm polemofcbpe Is meant ai>y 
inftrumcnt, whether catoptric or diop- 
tric; by which you may fee what pafles in 
another place, without being fecn from 
thence. Thefemachines containoneor more 
plane mirrors, which convey by refledion 
the image of the objed to the eye of the 
fpedator. There are fmall inftruments of 
this kind, made in the form of an opera- 
.glafs,by which, while you feem to look 
ftrait forward, you fee what pafles on one 
fide; and by that means gratify your curio* 
fity without the appearance of incivility* 

To the conftrufling of this fort of pole- 
mofcope nothing more is neceflfary than %o 
fix id a common opera-glafs a fmall mir- 
ror inclined to an angle of forty -five de- 
grees, and adjuft a proper objed-glafs. 
This glafs at the fame time may anfwer 

its 
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its common ufe, by adding an objeA- 
glafs^ andfo contriving the fmall tube that 
it may remove the mirror at pleafure, as 
in the 21ft Recreation. 

The tube of apolemofcope may be plac- 
ed againft a wall, the inclined mirror be- 
ing a little above it» and turned outwards^ 
by which means you will difcover what 
pafles on the other fide, without being 
feen yourfelf. An inftrument of this fort 
would be of ufe in fieges, where there is 
danger without the, wall from the fire 
of the enemy ; and on other occalions. 
This inftrument may be alfo fo con(' ru£l- 
ed, that the tube may turn round, and the 
mirror be elevated or deprefTed, that you 
may fee fucccffively and at pleafure, all 
the objeds tljat you would perceive if you 
were at the top of the wall againll which 
the inftrument h placed. 
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RfiCREATfON XXIV. 

ite enchanted mirrors. 

lyr A K£ a box of wood, of a cubical 
^^ figuTC, A C B D; (t late X: Fig. 2.) 
. of about fifteeii inchcfs eVAry way. Let it 
be fixed on the pedeftal P, at the ufual 
height of a mans head. In each fide of 
this box let there be an opening of an oval 
form, of ten inches high, and feven wide. 

In this I)ox place two mirrors A, D, 
with their backs againft each other; let 
them crofs the box in a diagonal line, and 
in a vertical pofitidn. Decorate the open- 
ings in the lides of this box with four oval 
frames arid tranfparent glafles, and cover 
each of them with a curtain, fo contrived 
that they niay all draw up together* 

Place four perforis irt front of the foUr 
fides, and at equal diftances from the 
box, and then draw up the curtains that 
' they 
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they may fee themfekes in the mirrors ; 
when each of them, inftead of his own 
figure, will fee that of the perfon who is 
next him, and who, at the fame time, will' 
feem tohitn to be placed on the oppofite' 
fide. Their confufion will be the greater, 
as it will be very difficult for them to diC- 
cover the mirrors concealed in the box. 
The reafbn of this phenomenon is evident, 
for though the rays of light may be turn- 
ed afide liy a mirror, yeti as we have be- 
fore faid, they always appear to proceed 
in right lines. 

RECREATION XXV. 

^he animated optic balls, 
(h ^3^i}^ refleSlion.) 

THIS piece of catoptrics, as well as that 
which follows of 4oubl€ reflexion, 
being of the clafs that produces the moft 
pleafing illufion, we fhall here give a full 
detail of the manner in which it is tp be 
executed* 

H 4 Pro- 
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Provide a wooden box ABC D, of 44: 
bout two fi^et high, and fifteen inches 
V^idc (Plate IX. Fig. i.) and toward the 
top let there be made an opening £, of 
eight or nine inches high, and feven or 
eight inches wide, and in this opening 
fix a tranfparent glafs*. Lqt th^ box b^ 
two feet deep (fee the profile ABCD, Eig, 
2.) and adjuft to it a partition S T, of the 
fame width, and that is fifteen inches 
deep frpm S tq T ; obfcrve, that this par- 
tition will feparate the box into two divi- 
fions, the upper of which muft be one of 
two inches lefs than the under. 

In the upper divifion and towftrd the 
extremity S of the partition ST, and crofn 
it, place a fmall decoration K S^ of the 
figure of the outward fcene of a theatre, 
in which let there be an opening of ten 
inches wide, and eight inches high. 

If the dimenfions pf (he \tQ% be larger, the 
exhibition will be more perfed; and on the con* 
frarjr, if it be fmaller^ it will be lefs perfe£^« 

Behind 
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IBebind thia fce^ie place the mirror JLF, 
(Fig. 2.) in an angle of forty-five degrees, 
fiS in the common optical machines^ and 
obferve that it be of the fame width with 
the box, and lafge enough to coVer the 
overture of the front fcene, when the eye 
2^ placfd at the tranfparent glafs E. 

Decorate the interior fpace K S B T, 
with fuch different paintings as you (hall 
judge will contribute moft to thp picafurc 
of the exhibition. Cover the top of the 
box, from K to B, wijh a frame in which 
is a glafs lined with gauze, that the light 
may enter the part KSBT. This firft 
(onQrudion being made, in the proportions 
^nd with the precautions here laid down, 
you are next to place the inclined plane, 
bereafter defcribpd, which muft be of a 
iize to enter this edifice by a back door 
made at G H, 

Conjirueiion of the inclined plane. 
This plane ihould incline to the bafe of 
the iirudure in^jiii angle of about thirty 

degrees, 
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dtegvees^, that is, k ihouM be raifed about 
one third of the fpaee toward the perpfii>- 
dicuUr, and muft be fuppoptedon itsfid^ 
by two triangular propa, pkc^d at I ML. 

On that par( of this plane wbicb faac» 
the mirror K F» draw fome pleafing ^b>» 
jedt, as, for ex;ample, a garden ornament- 
ed with bowers ; or a piece of architec- 
ture, &c. in fuch manner that it may ap- 
pear regular when feen at E, by refledion 
from the inclined mirror +• 

In this plane form a groove made of 
two thin flips of copper, very little elpvat- 
cd above the furface ; let this groove be fo 
difpofed that the ball in going from the 



• If the ball that is to run <!6wn this plane 
make many turnings, the pUae fliould then have 
a greater inclination. 

+ This drawing need not differ much from the 
common method 5 for as the plane I M is but 
little inclined, it will be only neceffary to draw 
the objeSs a little higher: their width may remaia 
the fame. 

^ top 
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top m^y make various windings, over fuch 
part6 of the drawings as you fliall think 
fit, and at laflr defcendrng near the middle 
of its inferior fide G D- (Fig, 3.) and run- 
ning along the channel O P, ^Fig. 2.) it 
may fall into a part made to receive it in 
tho wheel hereafter defcribed. , ^ 

Provide yourfelf with feveral ivory balls 
of fprnetliing more than half an inch dia^ 
meter^which are to run freely in <he groovje 
iabove defcribed. ^ ^ . 

On the infide of ihis box> toward R, 
.place two fmall tin candleflicks, in which 
put two wax candles to enlighten the in^ 
clined plane*; there muft be a door by 
which yOu may take them out at pleafure : 
fix over them a cc^ver of tin, to which 
there muft be a funnel to carry the £moke 
out of the edifice. 

^ To thfcft candlcRicks may be joined reflec- 
tors, fo difpofed as to throw all tbc light on the 
inclined plane. 

Con- 
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Gmftru^ion of the wheel for remounting the 
balls incejfantly. 

In the center of the toothed wheel A, 
(Plate IX. Fig. 5.) place a barrel with a 
fpring, and let it be alio in the center of 
the brafs rod FG. The pinion of the wheel 
B is to take the teeth of the firft wheel 
A ; and its teeth are to turn the fly C, whpfc 
wings muft be moveablbt that by being 
more or lefs inclined, they may accelerate 
or retard the motion of the machine. 

To the wheel A let there be fixed two 
brafs rods *, and at the extremity of each 
dieir^ muft be a box D, (fee the profile 
Fig. 6.) whofe overture MN is clofed 
by a valve H, that moves freely on the 
point I : the axis of this valve muft come 
out beyond the furface of the box, that 
the check L may be there placed, Which 

*. The axis of this wheel (hould proje^, that 
It ms^y l)e woifn^ up by ai key, in tbj; fame man- 
aer as a clock. 

fiiould 
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ihould move freely, and at the fame time 
with the valve. Thefe boxes mull be large 
enough to contain/ each of them, one of 
the balls> diat are, as we have faid, to roll 
on the inclined plane, and that it may 
enter at the fide M of the valve, which 
mud then clofe. The fides, of thefe boxf s 
muft incline, as in Fig. 5. 

Obierve alfo, that thVs wheel muft be 
of a proper fize to place at the back of this 
machine, near that part where the inclin- 
ed plane is placed, (fee Fig. 4. that it may 
not only receive in its revolving boxes the 
ballsj that after having roUfcd on the 
plane, pafs out by the groove O P, (Fig. 
2.) but may alfo raife them again to the 
height C, (Fig. 4.) where there (hould be a 
. fmall thaimel to receive and condu^ them to 
the top of the inclined plane. Remark, 
alfo, that towai-d the part M there muft 
be a little iron catch, that may fucccflive^ 
ly ftop the checks L, (Fig. 6.) which are 
fixed to the axis of the valves, that [t 

may^ 
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mayifbeiunerto :thefaiaU:to.pa& intD^lie 
bosi at the part M^jandidifdhaigethe icheck 
L : in likeinannerwhea thebost ooines to 
the height of the grooYC that ie tOcoadudl 
the ball to the inclined plane, there mtfft 
be another catch to open the valve and 
difcharge the ball. 

The wheel being thus placed, at the 
back of the machine, and the fpring wound 
up, the balls will inceflantly defcend and 
remount till the fpring in the box at the 
axis of the wheel is quite unbent*. 

When a ball is put into the groove at 
the top, and runs down the inclined plane, 
he that looks into the glafs placed in front 
of the box, will imagine that it afcends by 
various turnings, and goes out at the top 
of the edifice. The appearance will be- 
come the more pleafing as the different 

* There fiiould be a cafe over tbis wheels .with 
a door to open, that the contrivance may l3e quiie 
free from detedion, 

windings 
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>0^indmg$ oif the^b^all ^te^prcpetly^cdstpted 
lb the fubjea paltlted on the incKned 
plane. *Phis "piece, "tvlben executed "wifii 
care, produces a very remarkable illufion, 
•iand is one 5f the^moft jilealing^ecrcations 
ef catoptrics. 

RECREAtrO^N XXVI. 

^hejcme ecchibitimby a double refleSiiiin^ 

>TriHiS differs from the foregoing by 
i having a mirror inclined in an angle 
of forty-five degrees, (fee Plate iX.'Ffg. 2.) 
in the roomr of the inclined plane, arid by 
having the plane on which the balls roll 
placed near the part of fhe box TD. 

Therctmay be pkced, moreoT^er^ toWaiid 

'S T, andnn .lacrpofifion'alcmjft horiaoatel, 

little columns, arbours, or ^therofajefts* 

made of brafs wire, at equal diftances *, 

• This wire fliould have a fmall inclination, 
wbic^h may be two tenths of an inch' for every*fobt; 
*6rtd'the d^ftaticc -between *the^ires*A«mkJ^>e ftfjiie- 
^tkiftg lefs than the diameter of the ba1I», 

4 and. 
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and joined together at the bottom by femi*^ 
circles^ which mud be fo contrived as not 
to obftrudi the courfe of the ball. 

If there be fofEcient room, you may 
place, under the former, another range 
of wires, that have a fimilar difpofition, 
fo that the ball, after having run over the 
firft, may defcend to the other, which 
will have a remarkable effeft j as the balls 
will feem to rencounter and pafs over each 
other. There muft then be two conduc- 
tors, fo that one ball may enter at one 
fide, and the other at the oppofite.fidei. 
There Ihould alfo be a third doncfudior^ 
which, after the ball has pafled over the 
firft piece, may carry it to the top of the' 
inclined platie, placed oppofitethe fecond 
mirror, that it may then pafs through alH 
. its windings. 

Note. Thefe exhibitions may be varied 
at pleafure, as that depends entirely on 
the tafte and invention of thofe that eon- 

ftruft 
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l^xxA ihem^ You (hould obferve to givd 
but a very (mall iacitnation to the grooves 
th Which the balls run. Thefe balls may- 
be of ivory painted, as thofe of brafs 
make too much noife in the box, and are 
fubject to break the inclined mirror, wheii 
by chance they jump out of the groove 
knd fall on it. 

The grooves (hould be concealed aa 
inuch as poflible by paiiitings or orna-^ 
ments. They fliould be either of brafs, 
tin, or thin paftebcJard. In a word, too 
much care cannot be taken in cibttdudting 
iixhibitiohs of this nature. 



Vol. W. i jt4?-^ 
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RE CREATION XXVII. 

Ito defcHbe oh d plane futfdce an irrtgulaf' 

figure^ ijohich Jhall appeaf regular when 

placed oppofite a multiplying glafsy and 

feen by reJleSlion ihtvugh an aperture 

made in the €eni& nfihe drawing. 

"E fliall not here lay dovrn tlid |;ecM 
metric manner of drawing tbii fi«^ 
gure, for it wcmld riot oiily be very com- 
plicate, and extremely di^cult to executtf^ 
but vrhj^n done could not fucceed^ on ac-r 
count of « the im{>offibility of procuring 
glafles of this fort, whofeplanes are equal* 
iy inclined and perfe&Iy regular. 

CdNstRUdtldN. 
Procure off an able artift a mirror of^ 
metal (Plate X. Fig. 3.) whofe hafe is a 
hexagon, of about two inches add a half 
in diamettri and about half an inch thick 
9t its center. Let the faces o£ this mirrof 
be very truly cut, their angles very (harjit 

and 
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arid theif furnaces highly polifiie^. Gfe- 
ment this mirror to A fbtld of abotit half 
an inch thick, and let it be firmly joined 
by means oita fcrev?^, at the f)oitit A, (Fig* 
4.) which (houldbe eight Or nine inched 
high ; arid let the (land be foUdly fixed on 
the top df the box B G*. 

At the erid G of this bok (Fig. 44) place 
an upright framii with a groove, which ii 
to remain there, and in Which aire to be 
j^laced this defighs, t>f aboiit fifteen inches 
(quaf e, contairiing the difierignt diftorted 
fi^gures that are to appear regular, when 
fieen in the glafs, which, as appeairs by 
the fignire, Will then be oppofite to it. 

In the center of this drawing hiake a hole 
bf about three tenths of an inch in diame-> 
ier, through which the mirror may be en- 
tirely feen, and which fliould be placed 

• Thit box may havfc i drtwer, to contain 
the different paintings chat are to be feen by the 
lairror : it may be eight or nine inches wide, and 
^fteen inches deep« 

I ;i - exadly 
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exaSIy oppofite that bole, with its balir 
jarallel to the drawing or pi6ur€. 

£iraw oa a paper or pafteboard the geo^ 
metric plan of the multiplying glafs, (fete 
Fig. 6.) and on that draw the defign you 
would have fcen in the mirror. Thefe 
^repa^ationt being made with great atten- 
tiori, that i8^» the mirror being properly 
§^ed, and the drawing rightly adjufted^ 
look at the mirror through the hole H^ 
made in the drawing, and holding the ruler 
A B *, by its handle D, (fee Fig^ 5.) in 
your left hand, . mov^ it in different di- 
regions over the drawiisg till its ndeC 
appear to the eye (remaning conflantly at 
H) to be exadly even with one of the 
fides of the glafs; there keep it fTxed^ 
and taking the eye from the hole, dfa\i^ 
with a black lead pencil, that you have 
ready in the other hand, a* Kne by tht. 

* Thfs ruler fliotild be about three pr foot 
ihches long, very thin anA black, ' It msy be 
made of part of the fprirg of « clock. 

ruler. 
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rnUt Do the fame by the other fides of 
that face of the glafs, and then the fpac^ 
tontaincd between thofe two lines will be 
that on which you are to tranfpofe thfit 
part of the defign which h drawn Qtk the 
correfprnding face in Fig. 3, 

Do^the fame by all the other faces of 
the glafs, and you will then have twelve 
faces that will correfpond te thofe of the 
mirror, and which altogether muft confe- 
' quently contain the entire fubjed that is 
traced on Fig. 6, 

Thefe (paces not difFerihg much from 
' thofe of the mirror, it wiJI be eafy to trace 
' the objed that has been defigned ; it will 
be only neceflfary to number them, to pre- 
vent any miftake; and to place the paper 
or pafteboard before. (he. mirror, after you 
have lightly traced the defign ; and iufpeft 
it by the hole H, that you may difcover 
jind rcdify any errors that may ave been 
p^ade. Thefe fpaces may alfo be fubdi- 
Is vidgd, 
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vi^ed, as well on the defi^gn «8 th^ diftord; 
^4 figure, in the.majEiiicr exprefied in F^ 
7, 8 ; and by that means the ttanfpofif: 
tion will bepiade with fb^greatipr facility., 

Laftly you ihpuld fill up the ya^ii^t 
parts on the paft^bcard with figures tha^ 
have 90 analogy with thofe in the origiaa^ 
defigp and by that meap$ render it lli]^ 
more furprifing* 

This expetitrent TviU produce a mp{^ 
agre^ble illufion to thofe who arc i^nQ* 
rant of the manner in which it ifi per^ 
formed : for, when looking at the point 
H, they cannot difcovf r the leaft rc(ein-. 
I^lance between what they f«c in the mir- 
ror, and the general defi^n 0^ the p?^ftc- 
hoatd. 

Obfcrve, this drawing ^ay jill^ ^ 
traced cprreflly cnoqgh by means of 
a lamp, placed at the point of vie^ H^ 
taking care to enclofe it in a t^ cafe ^n^ 

to 
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to adjuft to it a tube of about an inch 
in diameter* and three pr four inches 
long, that can be protraded or fhortened 
jit pleafure. When you life this method, a 
hole muft be made in the paper, large 
enough to admit the end of the tube j fo 
that the light falling on the fcyeral faces 
of the glafs, they may be refle^i^d on the 
paper> "and (hov^ where each of them is, 
to he traced. By ^ this method the tirne 
fpent iji finding them . by the ru}er U 
iavedi aod if the light be ftea^y, th^ 
drawiQg will anftvw* very ^ well. You 
way alio draw on the mirror, with foot, 
tempered with fiii^e white lead, all the 
ilroke^ofthe defign, and by that means 
ftiU ihorten tb^ execution of the drawing. 



I4 RE- 
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?lEqRE/^TION XXVI[I, 

^0 df/cribe m a plane fitfaci a deformed^ 
figure^ which Jhall appear tegular whef{ 
viewed by reJleSHon in a cylindrical mir^ 
rcr. 

TH E geometric method of dtfcribing 
this irregular 6gure, being, aa ii) the 
laft Recreation, not only extremely dif- 
ficult, on account of its diflFcFent curves^ 
but alfo liable to' »ror from the want oi 
regularity in making the mirrory; we 
ihal| here (hew another mi^thod of de» 
f^rribing % far lefs learned indeed, but 
fjiuch mora cqncife, and eaHly pradipable 
\>y thofc who have not a profpun^ knp^- 
liedge of geometry, \>\xt are yet defirous of 
^r^wi^g ifhcft forta pfanamorp^ofesi 

f^et A BCD \>t the f:yUndrical mirro]-| 
(fjatf XL Fig. i»)inwhi(;byou^o^lfiree^ 
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lirom the point of view £, the deformec} 
oh}eSt painted on the hoard FO, in ^ 
segulir form- 
On 4 paper, or pMWbo«rd, dp^w th^ 
qrcle A (Fig. 2.) eqpal to the baf^ BD 
pf the cylindri;: inirror ; and liking th^ 
poiQt B for th^ diftancp of the point of 
yiew fcom the mirror, draw the line AB, 
Tfhich muftpafs through A, the penter of 
the circl^. Then draw the t\yo lines PQ 

Divide the line CD into fix equal parts, 
^nd draw from the point of view B, the 
Jiijcs ^ i, wbich,by sutting one of the fides 
of the circle, wijl determine the points on^ 
which you vc to Cfe^ the parallel perpcBr 
^culars, wlfich may he doije by 4 ruler s^ 
pnaking ufe of aij opaque colour that will 
cffeaually obf^ure thofe pjirt^ pf thp cy- 
linder wl^er^ they are dr^wa*, 

• You may ufe («•$ mi wbi^^ lead ground t«»- 
getivr with gun, after haying tn<qed the lines with 
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Thefc firft divifions being rcgnlarljr 
made, divide about twd thirds of th? height 
of the fide CD, of the cylinder, into tea 
or twelve parts, riefpeflively equal to thofe- 
pf the diameter of the clftlc (Fig. 2.) and 
jBrom the point' of v;ew E, draw the lines 
E /, which pafling through aU the pointy 
of divifion, muft be continued to the other 
fide of the cylinder. On the two oppofite 
fides of the. cylinder "mark the different 
heightisof the fev^ral divifions, arid through 
thofe points draw the pval figures / /, 
making uf? pf tljc f^me folour* a^ be-!i 

r^kt a paper A BCD (Fig, 3.) whofe 
two fides AB apd C D muft l>e divide4 
into fixf eaual parts, and thofe of A C a^;i4 
BD into tpn Of twelve equal p^rts, oq 
which you s^te to draw the figure as you 
would have it appear to the eye when 
viewed in the cylindric mirror* At the 
point o.f v^ew E, place a lamp fo difp()fe4 
that its light may fa^ on tli& ^ylindric 
mirrdr only. 

When 
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. Wheii you b2^vc fixed /^e cylinder on 
|hc paftebQafd ?G (Figt i.) aijul ibc lamp" 
i^ pla^jsd at p, fo t)|at its li^ht cannot 
fall on the paft^board, but by refledlioii^ 
all the ftrokp? o^ the cylinder wijl then 
appear on the boards and may be eafily 
traiced with a peilcit. ^By^this means the 
l>oard will be^divided into as manyirregu-? 
ip fpaces, as4hefe afe Fe^fular divifions iti 
the parallelogram (Fig. 8.) If, therefore^ 
y^ott transfer to ea^h of thofe fpaces tbo 
ftrokes of the design that is on theparalle-r 
)ogram, it will appear <|^te defprmed ot^ 
tbe paAeboar4> and quite regular when 
fecn f^om the point of view E, efpccially 
if due attention bp bfid to drfwing the 
putlines of the ^gure. 

Note, The point of view fhould be four 
or five inches above the upper part of the 
fnirrpr, that you may no^ be obliged to 
fnake ufe of ^ very large pafteboard : it 
ihould not, however, hp myql} higher) as 
then the figure on the hoard would not be 

(uffieientty ^cfQimi^d* 

9 By 
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' By this mefe^hpd you may alfa dtaw 
irregular figures to be ^eca in a prifrt,or 
any other fort of mirror, provided they 
qan be traced and illuminated^. 

Obfervc, if ypu arc dcfirous.Gf paint- 
ing thefe fcKts of anamorphofe^ to a4^an^ 
tage, you muft not overcb^fge: thpfe parti 
witb colour that are moft diftended^^ for 
when they become contraded in the mir^p* 
roF the colours appear unnatural In a 
word, great attention is neceifary in di'aw-* 
ing an4 painting thefe fubj^i£t6^ a^ oq that 
Ithe fuccefs {^'inQipally. d^pe^da*^. 

* The geometric method of drawing deforn^oi 
obje<^ to be (etn in a prirm, will b^ found at 
)gr|e in the trea^ife of Ai)be Nollct* . 
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RECREATION XXIX- 
Optical appearances. 

' /^F all our fe^fes the fight is certainly 
^^ fubje<a to the greateft illufion. The 
various writers on optics have defcribed a 
great number of inftances in which it de* 
ceives us, xind have conftantly endeavour- 
ed to inveftigate the caufes, to explain 
thdr effeds, and to reconcile appearance 
with reality. We every day difcover new 
phenomena, and doubtlefs many more are 
referyed for pofterity. It^ frequently hap- 
pens, moreover, that a difcovery which at 
firft feemed (^ little cpnfequence, has led 
to matters of the higheft importance. 

Take a glafs bottle A, (PL XL Fig. 4.) 
and fill it with water to the point B ; leave 
ihe upper part BC, empty, and cork it 
in the common manner. Place this bottle 
oppofite a concave mirror, and beyond its 
focus, that it may appear reverfed, and be- 
fore 
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fore themirroir (fee aphorifm 4. page 65^ 
iPlace yourfeif ftill farther diftaiit than th^f 
bottle, and it will appear to ydu in the 
fituation a^ b^ €% (Fig. 54) 

Now its is j^eitiarkable id this ippareilt 
bottlci that the water, which, according td 
all the kw8 of catoptrics, and all the expe- 
riments niadii on other dbjeds, fhould ap<^ 
pear at a b^ a^pifars on the contrary at h c^ 
and dnfequently the pari a b appeaA 
cmpt/» 

If the bottle be invefted and placed ^-^ 
fore the mirror (sts in Fig. 6.) its imagd 
will ippfia^ in its nisttural^ 6re<ft pofition } 
Und the watery which is in reality at P^p^ 
will appear itabi 

If while the bottle is mtef red it be un- 
corked, and the Water run gently out, it 
will appear that while the part BC is 
" emptying, that of ^^ in the image is filk 
ing ; and what is likewifc very remark- 
able, 
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ftble, as; foon as th^ bottle i$ empty the 
illufion ceafcs, the image alfo appearing 
entirely empty* If the bottle likewife he ' 
quite full there is no illufion* 

If while the bottle is held inverted, and 
partly empty, fome drops of water fall 
from the bottoni A towards B C, it feems 
in the image as if there were formed at 
the bottom of the part a b^ bubbles of air 
that rofe from ^ to ^ ; which is the part 
that feems full of water. All thefe phe- 
nomena conftantly appear # 

The remarkable circumfiances in^ this 
experiment, are, fiift^ not only to fee ai) 
object where it is not, but alfo where its 
image iiii not ; and fecondly, thatCof two 
objeds which are really in the fame place^ 
as the furface of the bottle and the water 
k contains^ the one is f^en at one place, 
and the other at another ; and to fee the 
bottle in the place of its image, and the 
water where neither it, nor its image, 
iu:ef 
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Note, It has beeii conjefture^, wrtff 
ibme appearance of ri^afdn, that this iliu^^ 
lion arifes partly from oar not being ac- 
cuftomed to fet Water fufpetided in a bottle 
with the neck downward, and partly front 
the rcfemblance there is between the co- 
lour of the air and that of water^ which 
induces us to -imagine that we fee them 
where they ufually are ; and this is ren- 
dered more prgbable by putting any co- 
loured liquor into the bottle, for that will 
appear in its proper place (M. Guyot ) 

RECREATION XXX. 

The peffpeSitve mirror A 

T)ROVIDEa boxABCD (Pf. Xll/ 
* Kg. I.) of about two feet long, fif». 
teen inches wide^ and twelve inches high# 
At the end A C place a concare mirror,, 
the focus of whofe parallel fay§ is at^ 
eighteen inches from the refleftingfurfaccr 
At IL pUce a pafleboard blacked, in whicfl 

a hc^ 
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a hole IS cut fufficiently large to fee on the ' 
mirror H, the objeft placed at BEFD. 

Cover the top of the box, from A to I> 
clbfe, that the mifror H, may be entirely 
darkened. The other part IB, muft be 
covered with a glafs, under which is placed 
a gauze. 

Make an aperture at G, near the top of 
the fide EB ; beneath which, on the in- 
nde, place, in fucceffion, paintings of dif- 
ferent fubjeds, as viftas, landfcapes, &c. 
fo that they may be in front of the mir- 
tor H. Let the box be fo placed that the 
cbjedt may be ftjongly illumined by the 
fun, or by wax lights placed glider the 
eticlofed part of the box AL 

' By this fimple cdnftrudion the objeSts 
placed at GD will be thrown into their 
natural perfpedive, and if the fubjeds be 
properly chofe, the appearance will be 
altogether as pleafing as in optical ma- 
chines of a much more complicated £or sh* 
Voi.ll. IC Note, 
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Note^ A glafs mirror fhould be always 
here ufed, as thofe of metal do not repre- 
fent the objeds with equal vivacity, and 
are befide fubjed to tarnifli. It is alfo ne- 
ceflary that the box be fuffickntly large, 
that you may not ht obliged to ufe a mir-^ 
ror whofe focus is too Ihort ; fcrr in that 
cafe, the right lines near the bprdcr of th« 
pifture will appear bent in the mirror, 
which will have a difagreeable effect, an4 
cannot be avoided. 

RECREATION XXXL 

To fet fire to a combujlible lody^ by the rt'^ 
JleSlion of two concave mirrors. 

THE rays of a luminous body placed 
in the focus of a concave mirror be- 
ing refleded in parallel lines, if a fecond 
.mirror be placeddiametrically oppofite the 
firft, it will, by collecting thofe rays in 
its focus, fet fire to a combuftible body* 

Place two concave mirrors, A and B 
(PI. XIL Fig. 2 ) at about twelve or fifteen 

4 . feet 
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feet diftance from each other, and let the 
axis of each of them be in the fame line. 
In the fociis C, or one of them, place a 
live coal and in the focus D of the othef , 
fome gunpowdei". With a paif of double 
bellows, which make a continual blaft, 
keep conftantiy blowing the coal, and not-* 
Withftanding the diftance between them 
the powder will prefently take fire. 

It is not neceffary that thefe mirrors be 
of metal or glafs, thofe made of wood Qt 
pafteboard, gilded, will produce the explo- 
fion, which has fometimes taken effect at 
the diftantie of fifty feet, when mirrors of 
eighteen inches or two fedt diameter have 
been ufed. 

This experiment fucceeds with more 

diflSculty at great diftances j which may 

proceed from the moifture in a large quan^ 

tity of air. It would doubtlefs take effedt 

more readily, if a tin tube, of an equal di^l- 

meter with the mirrors, were to be placed 

between them, 

K2 RE* 
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RECREATION XXXiL 

The real apparation. 

"D EHIND the partition A B (PL XIL 
^^ Fig. 3.) place, in a pofition fome- 
thing oblique, the concave mirror EF* 
which mud be at leaft ten inches in diame^ 
ter, and its diftance from the partition equal 
tQ three-fourths of the diftance of its center. 

In the partition .make an opening of 
feven or eight inches, either fquare or cir- 
cular : it muft face the liiirfor ; and be of 
the fame height with it. Behind this par- 
tition place a ftrong light, fo difpofed that 
it may not be feen at the opening, and may 
illumine an objed placed at C, without 
throwing any light on the mirror. 

Beneath the aperture in the partition 
place the obje£l C, that you intend Ihall 
appear on the outfide of the partition, in 
an inverted podtion j and which we will 

fuppofe 



Digitized by VjOOQIC 



RECREATIONS. 133 

/uppofe to be a flower. Before the par- 
tition, and beneath the aperture, place a lit- 
tle flower pot D, the top of which ihould 
be even with the bottom of the aperture, 
that the eye, placed at G, may fee the 
flower in the fame pofition as if its ftalk 
came out of the pot. 

Take care to paint the fpace between the 
back part of the partition and the mirror 
black, to jprevent any reflexions of light 
from being thrown on the mirror ; in a 
word, fo difpofe the whole that it may be 
as little enlightened as pofllble. 

When a perfon isvplaced at the point G,he 
will perceive the flower that is behind the 
partition, at the top of the pot at D, but oa 
putting out his hand to pluck it, he will 
find that he attempts to grafp a fhadow. 

Obfervatioru 

The phenomena that may be produced 

by means of concave mirrors are highly 

K 3 curious 
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curious and aftonifhing. By their aid fpeo 
tres of various kind§ may be exhibited. 
Suppofe, for example^ you were <» tell any 
one, that at fuch an hour, and in fuch a 
place, he ihould fee the apparition of aq 
abfent or d^ceafed friend (of whqfq por- 
trait you are in poffeffion) In order to 
produce this phantom, inftead of the hole 
ill the partition A B, In the laft figure, there 
muft be a door, which opens into an apart-? 
ment to which there is ^ confiderable de- 
feent. Under that door you are to placa 
the portrait, which muft be inverted and 
'ftrongly illijmriiated, that it may be lively 
rcflefled by the mirror, whichrauft.be 
large and well polrfhed. Then having 
introduced the incredulous fpedator at an- 
pther door, an4 placed him in thp proper 
point of view, yoii fuddenly throw open 
the door at A B, when, to his gr^at afto^ 
nifhment, he will immediately fee the 
apparition of hia friend. 

It will be Qbjeaed, perhaps, that this is 
not a perfed apparition, becaufe it is only 

vifiblc 
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vifible at one point of view, and by one per- 
fon. But it (hould be remembered, that it 
was an eftablilhed maxim in the laftcentiH 
ries, that a fpedkre might be vifible to one 
pcrfon and not to jothers. So Shakfpeare 
makes both Hamlet and Macbeth fee appa-* 
ritiona that were not vifible to others, pre- 
fent at the fame time. It is not unlikely, 
moreover, that this maxim took its rife 
from certain apparitions of this kind that 
were raifed by the monks, to fcrve fome 
purpofes they caljed religious ; as they a- 
lone were4n pofTelHon of what little learn- 
ing there then was in the world • 

Nothing here faid is intended to invalid- 
date the belief that feparate fpirits; may 
hold converfe with men. He muft be 
either very weak or very wicked, who can 
wifti to difbelieve an opinion that is fo 
highly honourable arid advantageous to 
humanity. 

'There is one phenomenon we muft not" 
here omit j for tho' it be common enough 
K 4 .it 
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it is alfo pleafing, and eafy to be perform- 
ed. If you place yourfelf before a con<bive 
mirror, and at a proper diftance, your figure 
will appear inverted, and if you ftretch out 
your hand toward the mirror, you will 
perceive another hand that feems tq meet 
and join it, though imperceptible to the 
touch. If inftead of your hand you make 
ufe of a drawn fword, and prefent it in 
fuch manner that its point may be direfl:- 
ed toward the focus of the parallel rays 
of the mirror, another fword wiU ap- 
pear, and feem to encounter that in 
your hand. You are to obferve, that to 
make this experiment fucceed well, you 
muft have a mirror of at leaft a foot in dia- 
meter, that you may fee yourfelf in part. 
If you have a mirror large enough to fee 
yourwholeperfon, the illufion will be much 
more ilriking. This phenomenon, witH 
which fo much parade has been made by 
fome modern experimental philofophersj, 
was defcribed by Baptifta Porta more than 
290 years fince, 

CHRO. 
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CHROMATICS. 

CHROMATICS is that part of optics 
whiclj explains the fev^ral properties 
of the colours of light, and of natural 
bodies. 

DEFINITIONS, 

1 f Tbofe rays of light that 2^re all equal- 
ly refrangible, are called fimple or homo- 
gene^l rays. 

2- Thofe rays that have diflPerent de- 
grees of irefrangibility, ^re called com- 
pound, or heterogeneal*. 

3 . The colours of homogeneal /light are 
called primary or fimple colours : and 

4. Thofe of heterogeneal light, fecon- 
jlary or compound colours. 

5. A fpe£trum is a coloured image of 
the fun, produced by the refradion of a 
ray of light let into a dark chamber. 

^ The terms homogeneal and heterogeneal, are 
derived from the Greek words omos^ the fame i iUrei^ 
awther\ and genos^ kind or Jpeclis. 

6. A 
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6. A prifm is a glafs body, whofe two 
ends are fimilar and parallel triangles, and 
ita three fides regular planes. 

A P H O R I S M Si 

1. All the colours in nature proceed! 
from the rays of light. 

2. There are feven primary colours, 
which are red, orange, yellow, green, blue, 
indigo, and violet. 

3. Every ray of light may be feparated 
into the feven primary colours. 

4* The rays of light in paffing through 
the fame medium have different degrees 
of refrangibility . 

5. The difference in the colours of light 
arifes from its different refrangibility, that 
which is the leaft refrangible producing 
red, and that which is the moft refrangi- 
ble, violet*. 

It is conjectured that the diflferent refrangibility 
in the rays of light proceeds from their different 
magnitude: thofe of red light, being the largely, 

make > 
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6. By compounding any two of the 
primary colours, as red and yellow, or yel- 
low and blue, the intermediate colour, as 
orange or green, may be produced. 

7. The colours of bodies arife from their 
difpofitions to refled one fort of rays, and 
to abforb the other. Tbofe that reflect the 
leaft refrangible rays appearing red ; and 
thofe that refled the moit refrangible, 
violet*. 

make the ftrongeft impreffion on the retina $ and 
tbofe- of violet, bting the fmadleft, make the wcak- 
cft impreiBon/ 

« It appears highly probab)e, from obfervations 
inade by Sir Ifaac Newton, that the difpofition of 
bodies torefie£l the dliFerent rays of light, arifea 
from the different fize of their particles. Thus, 
the azure colour of the iky, and the mofi' luminous 
white, as that of metals, hefuppofes to be produced 
by particles of the firft order; but if the white be 
lefs intenfe, as that of linen, paper, and fucb 
like fubftances, he conj enures that it arifes from a 
mixture of particles of all orders. The green of 
vegetables he fuppofes to proceed from the third 
order, and the particles that caufe blacknefs, to be 
fmaller tbaQ tfaofe that produce any of the colours. 

8. Such 
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8. Such bodies as refleA two or more 
forts of rays, appear of various colours. 

9. The whitenefs of bodies arifes from 
their difpofition to refled all the rays of 
light promifcuoufly. 

10. The blacknefs of bodies proceeds 
from their incapacity to refleft any of the 
rays of light*. 

RECREATION XXXIIL 

Out of a Jingle colour lefs ray of light topro^ 
duce feven other rays^ which Jhall painty 
en a white hbdy^ the feven primary co- 
lours of nature. 

PROCURE of an optician a large glafs 
prifm DEF, (Plate XIII. Fig. 1.) well 
polifhed^ two of whofe fides muft con- 
tain an angle of about fixty-four degrees. 
Make a room quite dark, and in the win- 
dow Ihutter AB, cut a round hole, about 

* From hence it arifes that black bodies, ^hen 
expofed to the fun, become fooner heated than aU 
others. 

one- 
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o6e-tKird of an inch in diameter at C, ^ 
through which a ray of light L I paffing, 
falls on the prifm D E F, by that it is 
i^efraded out of the diredtion I T, in which 
it would have proceeded, into another G 
H, and falling on the paper M N S X, 
will there form an oblong fpedrum P (3^ 
whofe ends will be femicircular, and its fides 
ftrait; and if the diftance of the prifm from 
the paper be about eighteen feet, it will 
be ten inches long, and two inches wide. 

Now this fpedrum will exhibit all the 
primary colours ; for the riys between P 
and V, which are the moft refraded, will 
paint a deep violet; thofe betw^n V and 
I, indigo; thofe between I and B, blue; 
thofe between B and G, green ; thofe be- 
tween G arid Y, yellow; thofe between 
Y and O, orange ; and thofe between O 
and R, being, the leaft refraded^ an in- 
tenfe red*. The colours between thefe • 

* For this reafon it is that the rays which are 
near the edges of a lens have different degrees of 

fcfraflion. 
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^ces wilt not be every where equally lii^ 
tenfe, but will incline to the neighbour^ 
iDg colour ; thus the part of the orangg 
next to R, will incline to a red, and that 
next to Y, to a yellow j and fo of thcf 
reft« 

RECREATION XXXIV. 

From ttpo or more of the primary colour s^ 
to compofe others that Jl:all^ in appearance^ 
rtjemhle thofe of the former. 

13 V mixing the two homogeneal colour^ 
red and yellow, ah orange will be 
produced, fimilar in appearance to that 
in the feries of primary colours ; but the 
light of the one being homogeneal, and^ 
that of the other heterogeneal, if the for- 
mer be viewed through a prifm it will re- 
main unaltered, but the other will be re-* 
folved into its component colours, red and 
yellow. In like manner other contiguous 

refr'adlion, and tinge theobjeft with different co- 
iDurs. 

ho- 



Digitized by 



Google 



RECREATIONS. ' 143 

liomogenial colours may compound oevf 
fcolours ; as by mixing yellow and gf eeii> a 
colour between them is formed 5 and if bitt« 
be added, there will appear a green thatb 
the middle colour of thofe three. . For the 
yellow and blue, if they are equal in quan* 
tity, will draw the intermediate greea 
equally toward them, and keep it, as it 
were in equilibrio, that it verge riot more 
to the ohe than to the other. To this 
compound green there maybe added fome 
red and violet, and yet the green will not 
immediately ceafe, but grow lefs vivid ; 
till by adding more red and violet it will 
become more diluted, and at laft, by the 
prevalence of the added colours, it will 
be overcome, and turned into whlteaeli 
01* fome other colour. 

In like manner if the fun's white, com- 
pofedof all kind of rays, be added to any 
homogeneal colour, that colour will not 
vanifh, nbf change its fpecies, but be di- 
luted" j and by adding more white, it will 

become 
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become continually more diluted. LafUy, 
if red and violet be mixed, there will be 
generated, according to their various pro* 
portions^ various purples, fuch as are not 
lifc6 in appearance^ to the colour of any 
homogeneal light : and of thefe pUrples, 
mixed with blue and yellow, other new 
colours may be compofed. 

RECREATION XXXV. 

Out of three of the primary colours^ red^ 
yellow^ and blue^ to produce all the other 
prifmattc colour ^^ and all that are inter^^ 
mediate to them. 

PROVIDE, three panes ofglafsofa- 
bout five inches fquare, (fee Plate XIIL 
Fig. 2.) and divide each of them, by pa- 
rallel lines, into five equal parts. 

Take three flicets of very thin paper, 
which you muft paint, lightly, one blue, 
another yellow, and the third red*. The n 

* You muftufc water colours for this purpofe: 
the blue may be that of f rutfia, tfnd very bright ; 

the 
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pafte on one of the glaffes five pieces of 
the red paper, one of which muft cover 
the whole glafs, the fecond only the 
four lower divifions, the third the three 
lower, the fourth the two lowed, and the 
fifth the laft divifion only. On the other 
two glaffes five pieces of the hlue and yel- 
low papers muft be pafted in like man- 
ner. 

You muft alfo have a box of about fix 
inches long, and the fame depth and 
width as the glaffes : it muft be black on 
the infide : let one end be quite open^ 
and in the oppofite end there muft be a 
hole large enough to fee the glaffes com- 
pletely. It muft alfo open at the top, that ' 
the glaffes may be placed in it conveni- 
ently. 

When you have put any one of thefe 
glaffes in the box, and tlie open end is 

the red, carmine^ and the yellow, gambooge mix- 
ed with a little faffron. Thcfc colours muft be 
laid yery light and even, on both fides of the 
paper.. 

Vol. IL L turned 
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turned toward the fun^ you will fee five 
diftind (hades of the colour it contains* 

If you place the blue and yeUowglafles 
together, in a fimilar direflion, you wiH 
fee five fhades of green diftindlly formed^ 
When the blue and red glafles are placed, 
a bright violet will be produced ; and by 
the red and yellow the feveral fliades of 
orange. 

If, inftead of placing thefe glafles in a 
fimilar pofition, you place the fide A B 
ofthe yellow glafs, againft the fide BD 
of the blue, (Plate XIII. Fig. 3.) you will 
fee all the variousgreensthat are produced 
by nature*; if the blue and red glafles be 
placed in that manner, you will have aU 
the poflSble varieties of purples, violets, 
&c. and laftly, if the red and orange 

* In the firft pofition of the glafles the quan« 
tity of blue and yellow being equal, the fame fort 
of green was conftantly vifible : but by thus in- 
verting the glafles, the quantity of the colours be- 
ing conftantly unequal, a very'plcafing variety of 
" tints is produced. 
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glaffes be fo placed, there will be all the 
intermediate colours, as the marygold, 
aurora, &c. 

RECREATION XXXVL 

By means of the three primary colour s^ red, 
yellow y and blue y together with light and 
Jhade^ to produce all the gradations of the 
prifmatic colours. . 

/^N feven fquare panes of glafs pafte 
^^ papers that are painted with the feven 
prifmatic colours, in the fatae manner as 
in the laft Recreation. The colours for 
the orange, green, indigo, and violet, 
may be made by mixing the other three* 
Then with biftre*, well diluted, Ihade a 
Iheet of very thin paper, by laying it light 
on both its fides. With pieces of this pa- 
per coverfour-fifths of a glafs, of the fame 
fize with the others, by laying one piece 
on the four loweft divifions, another on 

• The biftre here ufed mud be made of foot, 
not that in ftone. 
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the three loweflr, a third on the two low* 
eft, and the fourth on the loweft divifioii 
only : and leaving the top divifion quite 
uncovered. 

When one of the coloured glafles is 
placed in the box, together with the glafs 
of {hades, fo that the fide A B of the 
one be applied to the fide BD of the other, 
as in Fig. 3. of the laft Recreation, the fe- 
veral gradations of colours will appear 
{haded in the fame manner as a drapery 
judicioufly painted with that colour. 

It is on this principle that certain French 
artifts have proceeded in their endeavours 
to imitate, by defigns printed in colours, 
paintings in oil : which they do by four 
plates of the fame fize, on each of which 
is engraved the fame defign. One of 
thefe contains all the {hades that are to be 
reprefented, and which are painted either 
black, or with a dark grey. One of the 
three other plates is coloured with blue, 

another 
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another with red, and the third with yelr 
low:, each of them being engraved in 
thofe parts only which are to reprefent 
that colour*, and the engraving is either 
ftronger or weaker, in proportion to the 
tone ofcolour that is to be reprefentedf, 

Thefe four plates are then pafled alter- 
nately under the prefs, and the mixture 
of their colours produces a print that bears 

• When a red drapery is required, i% is engrav- 
ed on the plate affigned to that colour; and fo of 
yellow'and blue:, but if one of the other colours 
be wanting, fuppofe violet, it muft be engraved 
on thofe that print the red and blue : andfo bf the 
reft. The plates of this kind have been hithertQ 
engraved in the manner of mezzotinto, but thefe^ 
junlefsthey are Ikilfully managed, foon become 
foiutty. Engravings in the manner of the crayon, 
would perhaps anfwer better. 

f The principal difficulty in this fort of engrav- 
ing arises from want of a (kilful management, in 
giving each plate that profilb degree of engraving 
which will produce thS tone of colour required. If 
, a bright green is to be reprefented, there {hould.be 
an equal quantity of graving on the red and yQ)low 
plates : but if an olive green, the yellow place 
Ibould be engraved much deeper than the red 

L 3 no 
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no fmall refemblance to a paihting. It 
muft be confefled, however, that what has 
been hitherto done of this kind, falls far 
fliort of that degreeofperfedion, of which 
this art appears fufceptible. If they who 
engrave the heft in the manner of the 
crayon, were to apply themfelves to this 
art, there is reafon to exped they would 
produce far more finifhed pieces than we 
have hitherto feen. 

RECREATION XXXVII. 

The magical prifm. 
AKE a hole in the window-fliutterof 



M 



a dark room, through which a broad 
beam of light may pafs, that is to be re- 
fracted by the large glafs prifm ABC, 
(Plate XIII. Fig. 4.) which may be made 
of pieces of mirrors cemented together, 
and filled with water. 

Provide another prifm D E F, made of 
three pieces of wood : through the middle 

Pf 
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of this there muft pafs an axis on which 
it is to rfevolve. This prifm muft be co- 
Tered with white paper, and each of its 
fides cut through in feveral places, fo as to 
reprefent different figures, and thofe of 
each fide fliould Hkewife be different. The 
infide of this prifm is to be hollow, and 
made quite black, that it may not reflect 
any of the light that pafles through the 
fides into it. 

When this prifm is placed near to that 
of glafs, as in the figure^ with one of its 
fides E F, perpendicular to the ray of 
light, the figures on that fide will appear 
perfedly white : but when it comes into 
the pofition g b, the figures will appear 
yellow and red, and when it is in the po- 
fition k /, they will appear blue and violet. 
As the prifm is turned round its axis, the 
other fides will have a fimilar appearance. 
If inftead of a prifm a four or five-fided 
figure be here ufed, the appearances will 
be ftill farther diverfified. 

L 4 Thi$ 
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This phenomenon arifes from the diffe- 
rent refrangibility of the rays of light. 
For when the fide E F is in the poiition 
g bj it is more ftrongly illuminated by the 
Icaft refrangible rays, and wherever they 
are predominant, the objed: will appear 
red or yellow. But when it is on the po- 
iition k /, the more refrangible rays being 
then predominant, it will appear tinged 
with blue and violet. 

RECREATION XXXVIII. 

Tbe/olar magic lantern. 

pROCURE a box, of about a foot high 
**• and eighteen inches wide, or fuch 
other fimilar dimenfions as you (hall think 
fit ; and about three inches deep. Two of 
the oppofite fides of this box muft be qi^rte 
open, and in each of the other fides let 
there be a groove, wide enough to pafs a 
ftifF paper orpafteboard. This box muftbc 
faftened againft a window on which the 
fun's rays fall diredt. The reft of the win* 
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dowfliouid beclofed up, that no light 
may enter* 

ProTide feveral {heets of ftiBF paper, 
which muft be blacked on one fide. On 
tibefe papers cut out fuch figures as you 
flxall think proper, and placing them al- 
ternately in the grooves of the box, with 
their blacked fides towards you, look at 
them through a large and clear glafs prifm; 
and if the light be ftrong, they will ap- 
pear to be painted with the moft lively 
colours in nature. If you cut on one of 
thefe papers the form of the rainbow, 
about three quarters of an inch wide, you 
will have a lively reprefcntation of that in 
the atmofphere- 

This Recreation may be farther diver- 
fified, by patting very thin papers, lightly 
painted with different colours, over fome of 
the parts that are cut out : which will ap- 
pear to change their colours, when view- 
ed through the prifm, and to fland out 
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from the paper, at different diftances, ae- 
cordingto the different degrees ofrefran- 
gibility, of the colours with which they 
are painted* 

For greater convenience, the prifm may 
be placed in a Aand on a table, at the 
height of your eye, and made to turn 
round on an axis, that when you have 
got an agreeable profpedl, you may fix 
it ixx that pofition. This experiment 
may be made at a trifling expence ; and, 
if properly conduded, will afford no fmall 
entertainment. 

RECREATION XXXIX. 

The artificial rainbow. 

/^PPOSITE a window into which the 
^^ fun Ihines dired, fufpend a glafs *' 
globe filled with water, by a firing that, 
runs over a pulley, fo that the fun's rays 
may fall on it. Then drawing the globe 
gradually up, when it comes to the height 
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of about forty degr Jp^ou will fee, by 
placing yourfelf in a proper fittiation, a 
purple colour in the glafs, and by draw- 
ing it gradually up higher, the other prif- 
matic colours, blue, green, yellow, and 
red, will fueceffively appear ; after which 
the colours will difappear, till the globe is 
raifed to about fifty degrees, when they 
will again be feen, but in an inverted or- 
der, the red appearing firft, and the blue 
or violet laft : and when the globe comes 
up to little more than fifty-four degrees 
they will totally vanifh* 

Thefe appearances ferve to explain the 
phenomena of natural rainbows, of which 
there are frequently two ; the one being 
about eight degrees above the other, and 
the order of their colours is inverted, as 

♦ That is if you fuppofe an arch of a circle to 
be drawn from the horizon to the zenith^ and di- 
vided into ninety equal parts or degrees, the globe 
mud be raifed to the height of forty of thofe de- 
grees. 

in 



Digitized by 



Google 



156 RATIONAL 

ia this experiment, red being the upper- 
inoft colour in the lower bow, and violet 
in the other. 

The rainbow is not in the clouds, but 
in the falling rain, and always oppofite 
the fun. The different order of the co- 
lours in the bows arifes from their diflFe- 
rent reflexions ; thofe of the under bow 
being caufed by two refradions and one 
reflexion, and thofe of the upper, by two 
refraftions and two reflexions, and there- 
fore the colours of this are lefs bright than 
the other, their flrength being diminifhed 
by every refleftion. 

Now, it has been proved by repeated 
experiments, that forty degrees forms the 
greatefl: angle by which the moft refran- 
gible rays can, after one refledion, be re- 
fraded to the eye; and that fomething 
more than forty-two degrees forms the 
greateft angl?, under which the leaft re- 
frangible rays can come to the eye after 

one 
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»ne refleSion. Therefore all the colours 
of the lower bow muft lie in the fpace of 
iefs than two degrees. In like manner it 
has been prove49 that fifty degrees make 
the leaft angle under which the leaft re- 
frangible rajrs can be vifib'c to the eye 
after two refledions; and that about fifty- 
four degrees will be the leaft angle under 
which the moft refrangible rays can come 
to the eye after two reflexions. There- 
fore all the colours of the upper bow muft 
be in Iefs than four degrees. 



"to* 



It follows from what is here faid, that 
all rainbows are of a circular form and 
equal magnitude, and as they are always 
oppofite the fun, the parts we fee of them 
muft be in proportion to his height above 
the horizon : when his altitude is forty 
degrees, only the upper rainbow can be 
vifible, and when it is fifty-four de- 
grees there can be no rainbow: but as the 
fun's height, during the winterhalfyear, is 
never equal to forty degrees, theiemay 
then be always two bows vifible. 

. RECRE- 
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RECREATION XL. 

T&eprifmafic camera obfcura, 
TAKE two holes F, /, (Plate XIII. 



M^ 



Fig. 5 .) ia the (hutter cf a dark cham- 
ber, near to each other, and againft each 
hole place a prifin ABC, and abc, in a 
perpendicular diredtioa, that their fpec- 
trums N M may be caft on the paper in a 
horizontal line, and coincide with each 
other ; the red and violet of the one be- 
ing in the fame part with thofe of the o- 
ther. The paper fhould be placed at fuch 
a diftance from the prifms that the fpec- 
trum may be fufficiently dilated. 

Provide feveral papers nearly of the 
fame dimenfion with the fpedrum, crofs 
thefe papers, and draw lines parallel to the 
divifions of the colour-s. In thefe divifions 
cut out fuch figures as you diall find will 
have an agreeable cffc£t, as flowers, trees, 
animals, &c 

When, 
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When you have placed one of thefe 
• papers in its proper pofition, hang a black 
cloth Of paper behind it, that none of the 
rays that pafs through may be refledied, 
and conf ufe the phenomenon. The figures 
cut on the paper will then appear ftrongly 
illuminated with all the original colours 
of nature. 

If while one of the prifms remains at 
reft, the other be revolved on its axis, 
the continually alteration of the colours 
will afford a pleafing variety ; which may 
be farther increafed by turning the prifm 
round in different diredions. 

When the prifms are fo placed that the 
two fpedrums become coincident in an in- 
verted order of their colours, the red end 
of one falling on the violet end of the 
other, if they be then viewed through a 
third prifm D H, held parallel to their 
length, they will no longer appear coin- 
cident, but in the form of two diftin<^ 

fpedtjums, 
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fycSiTumSf p ^J B^ftgf (Fig. 6.) crofling 
one another invS middle, like the letter 
X. The red of one fpeSrum and the vio- 
let of the other, which were coincident at 
N M, being parted from each other by 
a greater refradion of the violet to p and 
m, than that of the red to n and /• 

This Recreation may be farther diver- 
fified by adding two other prifmsj that (hall 
form a fpedtrum in the fame linei and con« 
tiguous to the other ; by which not only 
the variety of figures, but the viciflltude of 
colours will be confiderably augmented. 

RECREATION XLL 

The diatonic fcak of colours. 

THE illuftrious Newton, in the courfe 
of bis fagacious inveftigations of the 
properties of light, difcovered. that the 
length of the fpaces M^hich the feven pri- 
mary colours poflefs in the fpeftrum, 
eza^ly correfpoods to thofe of chords 
: ' that 
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that found the feVen notes in the diatonic 
ifcale of muiic. As is evident by thie £b!^ 
Ibwing (experiment. 

On a |)4pfer in a ditk chaiiiher let a ray 
bf light be , largely refracted into the 
fpearum AFTMGP, (Plate XIV. Fig. 
1.) and mark the preclfe boundaries of 
the feverai colours, as a^ b^ r, &c. DfaW 
lines from thofe points jperpendicular to 
the oppofite fidb, and you will find that 
the fpaceS M r/F, by which the fed is 
bounded} qpd^yhy which the orange is 
bomded ) pac d^hj which the yellow is 
bounded, &tc. will be in exad propor^ 
tioQ to the dlviiions of a mufical chord 
fbr the notes of an odlave> that ia> as the 
intervals of thefe numbers I9 \^hi^\t 



Vol, it M RECRE- 
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RECREATION XLIL 

Colorific mufic. 

inATHER Caftel, a Frenchman, in 1 
^ curious book he has published on 
Chromatics, fuppofesthc note utio anfwcr 
to blue in the prifmatie colours, the note 
re to jellow, and mi to red. The other 
tODCS he refers to the intermediate colours, 
from whence he conftruds the following 
gamut of colorific mufic. 



Ut 


Blue 


Ut iharp 

Rfe 

Re (harp 

Mi 


Sea-green 
Bright green 
Olive green 
Yellow 


Fa 


Aurora 


Fa (harp 
Sol 


Orange 
Red 


Sol (harp 
La 


Crimfon 
Violet 


La (harp 

Si 

Ut 


Blue violet 
Sky blue 
Blue 



This gamut, according to his plan, is to 
1>e continued in the (ame mannt r for the 

fol- 
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following oftave ; except that the colours 
are to be more vivid. 

He fuppofes that thefe colours byftrik- 
ing the eye in the fame -fucceHlon as the 
founds, to which he makes them analo- 
gouis^ do the ear, and in the fame order of 
time, they will produce a correfpondent 
fenfation of pleafure in the mind. It is 
on thcfc gentral principles, wh'ch F* 
Caftel has ingeniouily dilucidated in his 
treatife, that he has endeavoured, through 
with little fuccefs, to eflabliQi his ocular 
harpfichord* 

The conftrudlion of this inftruraent, 
as here explained, wilLfhow that the ef- 
ftGts produced by colours by no means 
anfwerthofe of founds, and ttiat the prin- 
ciple relation there is between them, con- 
fifts in the duration of the time th^t they 
refpedively aflFed the fenfes* 

Between two circles of pafteboard, of 

ten inches diameter, A B and C D (Plate 

M2 XIV. 
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XIV, Fig. 2.) enclofe a hollow pafl aboard 
cyir.der E, eighteen inches long^ • Divide 
this cylinder into fpaceshalfan inch wide, 
by i, fpiral Kne that ruhs round it frotn top 
to bottom^ and divide its furfaci; into fix 
equal -j^atrts by parallel lines drawn be- 
tweeti its two extremities ; as is cxprcffed 
in ihe figure, 

Xtt the circle A B, at top, be open, and 
let that at bottotni, CD, be clofed, and fup^ 
ported by an axis or fcrew, of half an inch' 
diameter, which muft turn freely in a nut 
placed at the bottom of a box we flialt 
prftfently defcribe. To the axis juft men- 
tioned adjuft a wooden t^hecl G, of twtf 
inches and a half in diameter, and that hais 
twelve pr fifieen teeth, w'hich take th^^ 
endlefs fcrew H, Let this cylinder be 
inclofed in a box ILMl^^ (Fig. 3.) whofe 
bafe is fquare, and at whofe bottoih 
there is a nut, in which the axl& F turnSw 
jObfervei that thi^ ewdlefs fcrew H,flioul* 
come out of the box, that it may receive 
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the handle 0| by which the cylinder is ta 
be turnqJ, 

This box being clofed all round, place 
over it a tin covering, which muft be per- 
forated in different parts; from this co* 
ver there muft hang three or four lights, 
fo placed that they may ftrongly illumine 
the inGde of the cylinder, In one fide of 
this box (which (hould bt covered with 
pafteboard) cut eight apertures of half an 
inch wide, and one-third of an inch high ; 
they muft be diredlly over each other, and 
and the diftance between them muft be 
exadlly two inches. It is by thefe open- 
ings, which here correfpond to the mufi- 
eal notes, that the various colours analo- 
gous to them, are to appear j and which 
being placed on the pafteboard cylinder, 
as we have fliown, arc refleded by means 
of the lights placed within it* 

It is. eafy to conceive, that when th© 

liftndleO is turned, the cylinder in con« 

M 3 f^quence 



Digitized by 



Google 



1 



i66 RATIONAL 

fequence rifing half an inch, if it be turned 
five times round, it will fucceffivcly fhow, 
at the openings made in the fide of the box 
all thofe that arc in the cylinder itfelf, and 
which are ranged according to the direc- 
tion of the inclined lines drawn on it. It 
is therefore according to the duration of 
the notes which are to be exprefled, that 
the apertures on the cylinder are to be 
cut Obferve that the fpa,.e between two 
of the paralljel lines drawn vertically on 
the cylinder, rs equal to one meafure of 
time, therefore for every turn of the cylin* 
der, there arc fix meafures, and thirty 
meafures for the air that is to be played 
by this inftr^mcnt^ 

The feveral apertures bang made in the 

fide of the cylinder, in conformity to the 

notes of the tune that is to be exprefl!ed, 

they are to be covered with double pieces 

of vjerj thin paper, painted on both fides 

with the colours that ^r? to repref?nt the 

mufical notes, 

This 
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This Recreation might be executed ia 
a different manner, and with a much 
greater extent ; but as the entertainment 
would not equal the trouble and ^x- 
pcnce,we have thought it fufficient to give 
the above plecei by which the reader will 
be enabled to judge how far the ^^nalogy 
fuppofed by F. Caftel really cxifts. 

This article is taken from M. Guyot, 
who, though he commends the good fa- 
ther's ingenuity and induftry, attributes 
but little merit to his fcheme. Not h^v* 
ing feen F. Carters book, we cannot pre- 
tend to judge of the merit of his plan. It 
is evident, howeyer, from the foregoing 
Recreation, that there is a much flronger 
relation between founds and colours than 
M. Guyot feems to imagine. 
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PERSPECTIVE RECREATIONS, 

• I 

If the following Recreations do not <iU-» 
redly belong to optics, they have fq 
great a refemblance to it, that perhaps 
they could not be introduced any where 
clfe with fo much propriety. 

A N A M O R P H p $ E S, 

B.ECREATION XLIII. 

T» iran^ on a plane Jnrface an irrtguhrji* 
gure^ which 9 when feen from a propetf. 
point tfview^ will appear exaSly Jimilar 
to ^ given Jj^ure. 

ON a paper or pafteboard 4^^aw the pa- 
rallelograni ABCD (PI XV. Fig. i .) 
pf what fize you pleafe, provided the fides 
A B and C D be longer than A C and| 
BD J let it he, for example, four inches 
long and three wide. Divide it intp twelve 
^(ju^l partSi and e^ch of thofe into four 

Pther 
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other equal parts*. On this parallelogram 
^rawthe regular figure ihat yoii woul4 
have reprefente^i in a djftorted fprpi, oi^ 
|he plane. 

Draw on a paper the line B A (Fig. 2.) 
indefinite toward A. Diredtly over th^ 
point B, mark the point of vipw C, an4 
let fall the perpendjpular C B On the 
line A B ma^k the poiptC, apd draw froia 
t^e point of view C, to that point D, thq 
line C p. On the fame line, and at a conr 
v^pient diftapce ffom the point C, draw 
the line F G, of the fame lengt^i with A G 
(Fig. 1.) let it be perpendicular tothelinc 
C D, and by which it muft b? bifedled. 
From the point (^ to F and G, draw the 
two lipes C F and C G, and continue theni 
till they meet tb? line A B at the points 
Hand 6. 

♦ The fmaller thp divifions arc, the more eafy 
it yf\\\ be to rep^cfcpt the fybjeA with pre* . 
cifiottv " 

The 
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Tlie line H O will then appear to the 
eye C of the fame diinenfion with the 
line FG, which is equal to the width of the 
parallelogram ABCD, as muft neceflarily 
follow from the principle laid down in 
the part of Optics ; that is, becaufe both 
thefe lines appear under the fame angle 
H C O. 

Then divide the line F G into the fame 
number of parts with the fide of the pa- 
rallelogram AC, (Fig. I.) and from the 
point of view C, to the line A B, draw the 
lines C I, C L, CM, C N, through the di- 
vifions in the line F G. 

On Another paper draw the line A B 
(Fig. ;?.) equal to the lineC A, (Fig. 2.) 
and at its extremity B, ereft the indefinite 
perpendicular B C. From the point B of 
the line A B to the point E, in the fame 
line, fet off a fpac^ equal to the line C F, 
(Fig. 2.) At the point E, divide the Hae 
A B by the p?rpendicula,r H h equal to 

CD| 
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C D, (Fig. I,) that is, equal to the length 
of the parallelogram. This line muft alfo 

« 

be divided into two eqiial parts by the line 
AB. 

From the point B to the points H and I» 
draw the lines B H and B I, and con- 
tinue them towards G and D. Take 
the diftances that are between H and 
I, LD, M and N, (Fig. a.) and tranf- 
pofe them to the line A B (Fig. 3.) froo^ 
A to I, L, M, N, O, and draw the lines 
Y, Z, perpendicular to each of thefe divi- 
fions. Divide the line C D iqto eight e- 
qual parts, and draw the lines B G, B Q* 
BR,BS,BT,andBV, 

Thefe divifions being made, the. trape- 
zium CHDl will be divided into as manjr' 
parts as the parallelogram ABCD, (Fig. 1.) 
and all thefe divifions, though of them- 
felves irregular, will appear to the eye, 
v^hen placed at the point C, (Fig. 2.) of the 

f^me 
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iame figure and magnitude as the paraljelow 
gram : all the lines that form the divifiona 
included in the trapezium C H D I being: 
feen under fimilar angles. In order tcx 
facilitate the tranfpofing the feveral parts- 
of the defign contained in the paMilelo-' 
j^ani, to the trapezium, it will be proper 
to number th£ principal divifions. The 
whole, moreoTcr, fliould be traced with 
great precifion^. Obferve, that all the 
right line$ la the parallelogram form at 
many right lines in the trapezium, there^ 
fore when you have ma^-kcd their extremi-^ 
ties, you may draw them with a ruler 
from one point to the other. With r^ 
gard to curve lines, you will jtidge of theip 
dlredion by the points where they cut the 
divifions of the parallelograms, and tranA 

* Thismethodtof drawing an irfegulat figure U 
taken fiotn M. Guyot, and differs from tbofe that 
are given by Niceron and Ozanaoi, as it appears 
move exa£l to ptace the defign that is to bV repre- 
fented in fucb manner that the ray, or principal 
poiat of view, may fall perpendicular on the cen*. 
t^r of th^ fuppofed pi^ur^ placed at F G, 

ppJ5^ 
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pbte them to the corrcfponding divifioM 
df th« trapezium. 

Note, care muft be tJlken that the papef 
tin which the diftorted %ure is drawn 
ht well ftretchfed on a plane, that its fur- 
face may be quite even- You fliould alfo 
examine it attentively from the point of 
riew ; and for that purpofe it will be con- 
venient to have a little circle of brafs^ 
through which a hole of about two tenths . 
of an inch is made, and placed upon a ftand 
(fee Fig. 4.) By that overture this piece ot 
pcrfpe£live.illufion will produce an agree- 
able furptize. 

Obfefve that the diftanc^e of the poist 
of view from the piflure may be taken at 
pleafur«, provided it be not lefs than its 
witdh. When the point of view is neajr 
the pidure it appears more deformed than; 
when it is at a greater diftance, for the 
parts then become jnore extended toward 
C D ; from whence it follows, that if we ^ 

wQuld 
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would execute a defign of this fort on the 
fide of a gallery, it muft be regulated ac- 
cording to the dimenfions of the part on 
which It IS to be draWn. Thefe fub* 
jeds, when well executed, at full length, 
are highly agreeable, and appear the more 
extraordinary, as the eye not being able to" 
view them but by parts, (when walking in 
the gallery*) we cannot form the lead idea 
of what they will prefent when feen from 
a proper point of view, where the eflFlRl is 
truly admirable. 

* There are, at the convent of Miniois in the 
Place Royale at Paris, feveral fubjedhof this kind«. 
I^ainted on the walls of the cloifter by P. Niceroo, 
Who has publiflied an excellent treatifeon this art* 
Among others, the figure of a Magdalen daily 
excites the curiofity of a number of connoifTeurs. 
Unfortunately, thefe pieces, which have fuffered 
by time, have not been properly repaired. 



RECRE- 



Digitized b^ 



Google 




T^^STSS I 



Digitized by 



Google 






Digitized by 



Google 



REGR-EATIONS. 175 

RECREATION XLIV. 

To draw an irregular figure on a plane ^ 
which being feen from tim cppoftte points 
of'uiewyjkanrepre/eht two liferent regu- 
lar dbjeSfs. 

TiyJAKE choice of a plane of conveni- 
^-^^ ent fize, fuppofe two feet long and 
half a foot wide. Draw the line A B of 
the fame length, (PlateXV/. Fig. ,.) contl- 
nye it on each fide to GandD,anderc<athe 
perpendiculars CF and DG to the height 
of ahout three inches. Draw the lines 
A F and B G, and divide the line A B into 
fix equal parts at the points S, or into any 
othernumber you'fliall think fit. From 
the two points of view F and Q draw the 
lines FS and GS, to thofe fix divifions. 

Then on the line G Afetoff thediftance 
O B, and on the line F B the diftance F^, 
and draw the two lines BH and A I, which 
will determine the width of the two fub- 

jefts 
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Jeds you are to reprefcht on the plancj 
dnd are to be viewed, the one from thd^ 
|)oint F, and the other fiom G ; and of 
Which the unequal divifioiis formed by thd 
lines GS and FS, will deteroiihe thofc that 
iSLTC to correfporid , td thd fepafate and in- 
clined parts of the irregulai: figure which 
Is to be feeni from the points of vitw 
F and O. 

This fiiil preparation being riiade, dtaw 
ihc paralklogf*ife ABCD (Fig, 2.) of thd 
fame length with the Hne A B m tbe 
preceding ^gfircs and about fix inched 
wide : divide it iiito two equal parts b^ 
(he line F G^ whic^ continue to H and U 
.tqiial to Che diftaace there is between C A 
wdDB(Fig. I.) 

ttom the point* AOSB (Fig* i.) let fall 
the perpendiculars AA, OL^SL^ And BC^ 
©nr thi Hne A C (Pig. z*) aadfrbm^ the 
{noints h draw the tine^ L M patalhl^ to 

From 
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From the four angles of the parallelo- 
gram ABCD, draw the lines A I and B I 
to the point of view I, and thofe of C H 
and D H to the other point of view H ; 
thefe lines will determine by the fedlions 
at X and Y the apparent height of the 
figure. 

Then divide the lines A B and CD, in- 
to as many equal parts as you fhall think 
proper, and from thofe points draw the 
lines N I and N H. 

Next, draw on a paper the two paral- 
lelograms FGHI, LMNO, (Fig. 3.) and 
on them you are to draw the two different 
defigns that you would reprefent in the 
diftorted figure. Let each of thcfe paral- 
lelograms be of an equal height with the 
diftanceX Y, (Fig. 2.) and of the fame 
length as H B (Fig. i.) Divide their 
height FH or LN, according to the divi- 
fions of the line XY (Fig. 2.) and their 
length H I or N O, according to thofe of 
the line B H (Fig. i.) 

Vol, II. -N After 
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After having drawn the two defigxis,a5^ 
corredlly as polfible, on. tl^p divifions jufl 
mentioned, take a boarii or pafteboard 
ABCD (Eig. 4.) of the fame dimeniions- 
with the parallelogram ABCD, (Fig. 2.) 
2^nd on it draw the lines L M, cori:efpond- 
ing to the perpendiculars let fall from OS. 
(Fig. I.) Thefe lines fhouldbe drawn fuf- 
ficiently deep to admit the folds of paper 
hereafter mentioned. 

Take a very thin pap.er ABCD (Fig. 5.) 
of about two feet and a half long, and fix 
inches wide, and on it draw parallel lines, 
at diftances correfponding to A O, O S^^- 
S O, &G. (Fig. I .) which you will meafure 
with a compafs from the angles on the line 
A B (Fig. I.) 

Divide this paper into two equal parts^ 
by a line drawn from the points X and Y, 
and obferve that it is on the fpaces ^, ^, 3, 
&e. that you are to draw the irregular fi- 
gure which is to he feen from the point F ; 

an4 
6 
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and on thofe of Cy Cj r, &ct. that which 18 

to be feen from the point G. 

/ 
On each of thefe fpaces draw the lines, 

not puiidiluated, of the parallelogram 

A B C D (Fig. 2.) that terminate in the 

points H and L Then trace on the fame 

paper all the ftrokes of the two figures 

drawn on the two parallelograms, (Fig. 3.) 

carefully obferving the feveral divifions to 

which they correfpond. 

When this irregular figtire is quite fi- 
niflied, fold the paper according to the di- 
vilions that have been drawn on it, fothat 
each of the divifions S, may turn one way, 
and each of the divifions O, the other way; 
and pafte the whole on a board, in fuch a 
manner that the folds made on the blank 
fide of the paper, may anfvver to the lines 
traced in the board. On the paper thus 
paftcd lay fomething that may keep it in 
proper form till the pafte is dry. Then 
let it be fo placed that fix of its divifions 
N 2 may 
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may be oppofite to each of the points of 
view F and G. 

To diftinguilh the objeds on the paral- 
lelogram with greater prccifion, you muft 
have (as in the foregoing Recreation) tv\o 
little circles, with a fmall hole in each, 
and place them exadly on the points of 
view that have been fixed. The eye being 
then placed at either of thofe points, will 
difcern the regular figure ; but when the 
fcheme is viewed in front, it prefents a 
form fo diftorted, that it is impoffible 
to conjefture what it is intended to repre- 
fent. 

Obferve, This defign differs in the con- 
ftruftion from that.in the firft Recreation; 
as here, the divifions drawn on the irregu- 
lar figure regulate thofe of the two other 
figures. It is indeed more difficfuk, but 
then it is alfo more entertaining ; and with 
a little application it may be eafily exe- 
cuted, as nothing more is neceifary than 

to 
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RECREATIONS. i8i 

to transfer the divifions carefully from one 

figure to the other, 

» 
To perform this fort of anamorphofis 

with more celerity, you may draw the pkn 

on a pafteboard, and placing a tranfparent 

paper over it, trace the fubje£t thereon : 

the fame pafteboard will ferve to execute, 

equally well, all forts of fubjedls. 

RECREATION XL V. 

T(? draw on the bafe of a cone^ an irregular 

fgure^which p:)aUappfar^ when feen from 

a proper point of view, not only regular^ 

but elevated above thefurface of the cone. 

TH E geometric method that might 
be here given for drawing the figure 
propofed, being extremely tedious and dif- 
ficuh, on account of the various curves 
that it is necefTary to draw on the bafe of 
the cone, we ihall here defcribe a more 
limple method, by making ufeof a lamp. 
This method may likewife be ufed in the 
N 3 drawing 
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drawing diftorted fuhjeas on all irregular 
furfaces, whatever their figure may be. 

Let E F G (Plate XVII. Fig. i.) be the 
eone, on the bafis of which a diftorted 
figure is to be drawn, that being viewed 
from the point H, ihal] appear regular, 
and exadly refembling that which is 
placed at N M. Place the cone in a cir- 
cular overture made in the board A BCD, 
which ihould be fupported by four feet, 
that the point of the cone may not touch 
the table on which it ftands. Fix at the 
end of the board an upright piece I, that 
is to hold a fmall circle of brafs, through, 
which is made a hole H, of twd tenths of 
an inch in diameter, that ferves for the 
point of view. 

Prepare a lamp as A, (Fig. 2.) the light 
of which may be raifed or lowered at plea- 
fure, and to which is fixed a brafs arm 
B C, bearing a fort of funnel D, in the 
Ihape of a truncated cone, and whofe open- 
ing 
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xng at the end next the-light is not more 
than three or four tenths of an inch in 
diameter. 

Draw- the fubjeCl: you would repre- 
fent on the bafe of the cone, on a piece of 
glafs of equal height with the fpaceM N*^, 
that is, of the apparent height of the dia- 
meter E F, "Of the bafe of the cone when 
feen from the point H : place it perpen- 
dicular on the board at the point F, that is, 
lit the extremity of the cone. 

Thefe preparations being made, take 
away the piece that bears the point of view 
H,and place the lamp, fo prepared, in fuch 
mannerthatthe light may be exad:ly where 
they point H was. Its rays then paff- 
ing through the glafs at M N, will en- 

* It muft be drawn with a very light ftroke^ 
and you muft make ufe of a colour that is quite 
opaque, 

N 4 lighten 
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lighten all the lower furface of the cone, 
and there fhow, in a diftorted form, the 
fubjeft that is painted on the glafs. 

Then draw v^ith a pencil all the ftrokes 
of tte ftiadow that are on the cone ; and 
taking away the light, place the point of 
view H, and fee if what you have drawn 
correfpond with the fubje£t on the glafs, 
corredling what iraperfedions there may 
chance to be. In the laft places colour the 
fubjedt fo traced on the cone, with the ut- 
moll attention, infpedting your work from 
time to time from the point of view, be- 
fore you give it the finifliing firokes. 

When the figure that is drawn and 
painted on the bafe of the cone is 
viewed from the point H, it appears to 
be at the fame point where the glafs M N 
wis placed, and in the fame form that 
it was painted on that glafs. The eye 
even perceives it above the furface of 
t]ie board in which the cone is placed, 

and 
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and thereby receives a remarkable and 
pleafing' illufion. 

Note. This manner of drawing diftort- 
ed figures by means of a lamp and tranf- 
parent glafs, may be advantageoufly ufed 
for all irregular figuVes, that are dif- 
ficult to draw geometrically. The fub- 
je^ that are drawn on the glafs may 
alfo be ihaded and coloured, in the fame 
manner as for the camera obfcura ; in or- 
der to hav6 the appearance of colours on 
the diftorted picture. 

If a circle be defcribed on paper or 
pafteboard, and placed firm upon the ta- 
ble, where the cone is fuppofed to be, it 
will have precifely the fame cScik. 
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RECREATION XLVL 

fo draw^ eafiiy and correBly^ a landfcafe 
or any other obji^By without being cbiiged 
to obferve the t-ules of perjpedlive^ and 
Hjoitbout the aid of the cathera objcwra. • 

PROCURE a box of pafteboard ABCD 
(Plate XVII. Fig. 3.)ofaS6uta fooUnd 
a half long, and made iii the fliape of a 
truncated pyramid, whofe bafe B D F G is 
eight inches wide, and fix inches high. 
Fix to the other end of it a tube of four or 
five inches long, and which yoii can draw 
out from the box more or lefe. Liae the 
infide of the box with black paper,, and 
place it upon a leg or ftand of* wood H^ 
and on which it may be elevated of depfeflf- 
ed by the hinge I. 

Take a fmall frame of wood ABCD 
(Fig. 4.) and divide it at every inch by lines 
of black filk drawn crofs it, forming for- 
ty-eight 



Digitized by 



Google 



RECREATIONS. 187 

ty-eight equal parts; divide thefe into ftilj 
fmaller equal parts, by lines of finer filk* i 
fix this frame at the end B D^ as the bafe 
of the pyramid. 

Provide a draMring paper, divided into 
the fame number of parts as is the frame, 
by lines lightly drawn in chalk. It is 
not material of what fize thefe divi- 
fions are; that will depend entirely on the 
fize you propofe to draw the objcds by 
this inftrument. 

Place this inftrument oppofite a land- 
fcape, or any other objeft that you want 
to draw, and fix the leg firmly on, or in 
the ground, that it may not ffiake : then 
turning it to the fide you choofc, raife or 
incline it, and put the tube farther in or 
out, till you have gained an advantageous 
yiew of the objedl you intend to draw. 

• The different fize of the filk ferves to diftin- 
gui(h more readily the correfponding diviTions. 

Place 
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Place yourfelf by the inftrument*, 
which you have adjufted to the height of 
your eye, and looking through the tube, 
carefully obferve all that is contained 
in each divifion of the frame, andtranfpofe 
it to the correfponding divifion in yourpa- 
per: and if you have the leaft knowledge 
in painting, or even drawing, you will 
make a very pleafing pidure, and one in 
which all the objeds will appear in the 
moft exaft proportion. 

Note, by the fame method you may 
draw all forts of objeds, as architedure, 
views, &c. and even human figures, if they 
remain fome time in the fame attitude, and 
are at a proper diftance from the inftrument. 

* You may provide yourfelf with one of thoft 
ilools that fold up, and are eafily portable* 
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RECREATION XLVIL 

Illuminated profpeSls. 

FiOVIDE yourfelf with fome of thofe 
prints that are commonly ufed in op- 
tical machines, printed on very white and 
very thin paper ; taking care to make 
choice of fuch as have the greateft efFeft 
from the manner in which th^ objeds are 
placed in perfpedlive. Pafte one of thefe 
on the borders of a frame, and paint it 
carefully with the moft lively colpurs, 
making ufe of none that are terreftrial. 
Obferve to retouch thofe parts feveral times 
where the engraving is ftrongeft*, then 
cut oflF tl^e upper part or fky, and fix that 
on another frame. 

The prints being thus prepared, place 
them in a box ABCD (Plate XVIL Fig. 5.) 

♦ When you colour a print, place it againft a 
plate of glafs, in an ere^Sl pofition before you, that 
it may be enlightened by the fun. You may alfo 
colour both fides of the print. 

7 the 



Digitized by 



Google 



ipo RATIONAL 

th6 opening to which E FGH, ihould be 
a little lefs than the print. Cover this 
opening with a glafa, and paint all the 
fpace between it and the prints, which 
ihould be about two or three inches,black<. 
The frame that contains^ the fky fliould 
be about an inch behind the other, in 
the back part of this box, which is behind ' 
the prints, and which may be about four 
inches deep, place four or five fmall 
c^adkfticks to hold wax lights, ^nd cover 
that part entirely with tin, that it may be 
the more luminous. 

When the print is placed between the 
wax lights and the opening in the£ront of 
the box, and there is no other light iii the 
room, the efFed will be highly pJeafing ; 
efpecially if the lights are at a fulEcient 
diftance from each other, and not ttoo 
ftrong, that thej^ niay not occafion any 
blots in the print. Thofe print that re- 
' prefent the rifing ' or fetting of the fun 
wilLhave a yery pidurefque appearance. 

Such 
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Such as repnefent conflagrations have alio 
a ftriking effe^.. 

Note. There ihouW be two grooves for 
the print next the glafs, that you may ii>- 
fert a fecopd fubjed before you draw away 
the firft : an4 that the lights in the back 
of thf box may not be difcovered* 

Yo\i muft not, thinking to make the 
print more tranfparent, cover it with 
varnifli ; for that will prevent the degra- 
dation of the colours from being vifible. 
The frame (hpyld enter the fide of the box 
by a groove, that a variety of fubjeils may 
bj? introduced. 

RECREATION XLVIIL 

Tranfparent illuminations. 

'T^HEbox that is toenclofethefe fubjeda 
-■^ may be made in the fame manner with 
that of the preceding Recreation, only 
obferving that it will be proper to aug- 
ment 
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nient the number of lights, and employ 
fuch prints as are agreeable to the fubjeft* 

With a very fmall circular tool you are 
to cut out all the places where the light is 
intended to appear, or where it is exprefl>- 
cd, if the print rcprefent an illumination. 
Particular care muft be had to make ufe 
of the fined tools in thofe parts of the print 
that are intended to appear at the greateft 
diftance. 

Thefe prints muft by no means be trans- 
parent, like thofe in the preceding Recre- 
ation j on the contrary, they fhould be 
printed on a thick paper, or rather it 
ihould be doubled, that very little of the 
engrs^ving may appear. Behind the print 
muft be placed a very fine tranfparent pa- 
per, varhiftied, fixed on a frame, and , 
lightly painted with a deep yellow, or, 
faflFron colour, which muft be laid on thick- 
eft at thofe places that are oppofite the 
parts of the print that are to appear at the 

greateft diftance. 

The 
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The fettlngof the fun, fucceeded by a 
night fcene, may be very pleafmgly fe- 
prefented in this method* Thus: procure 
a landfcape, in which is the figure of the 
fetting fun, illuminated as above defcribt- 
ed* Let the bottom of this fcene reft 
upon an upright board in the box, of 
about two orihree inches high> and4etit be. 
gradually moved off that board, and low« 
ered down to the bottom of the box, on 
the fide next the glafs, by which mean^ 
the fun will appear to defcend* Let the 
lights then be gradually withdrawn : and 
change the firft landfcape for a night fcene, 
with the moon and ftars, properly perforat- 
ed. The yellow paper muft be changed 
for one that is white and tranfparent, and 
the lights be again introduced, when 
the moon, flars, and other illuminated 
parts will appear in their natural fornu 
For the more eafy removing of the 
lights they may be all placed upon one 
fiand, but at different diflances* 

Vol. 11. O This 
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This piece of illumination might alfo 
be put into the common optical machine; 
but the magnifying glafs there ufed con- 
fiderably enlarging the objedls, the light 
rcfleded by the cut and tranfparent parts, 
then becomes greatly weakened, as it takes 
iip a much larger fpace ; and that greatly 
diminifhes the vivacity which is neceflary 
to imitate nature, and to produce the illu- 
fion. If, however, you are defirous of 
viewing this piece by the magnifier, you 
muft take away the inclined mirror which 
is placed in thofe fort of optical machines, 
and place the tranfparent pidure or print 
in the front of the glafs ; otherwife it will 
be fcarce poffible to render it luminous, 
except by reflexion, which affords but a 
very feeble light. 
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ACOUSTICS.! 

'TpHE fcience of acouftics inftrudls us id 
"^ the nlture of found. It is divided 
by feme writers into diacouftics, which eji- 
plains the propertieis of thofe founds that 
come dir^aiy flfom the fonoroiis body t6 
the ear ; and catacouftics, which treats of 
Irefleaed ^xihds : but fuch diftindlion doei 
hot appear to be of any real utility. 

DEFINITIONS. 

1; Sounds are either acute or grave^ 
fimple or compound. 

2. Thofe founds that arc ihrill or fharp 
are called acute : and 

3. Thofe that are deep oi hollow^ are 
called grave founds^ 

4; A fimple found is that produced by a 
fingle ftroke on a fonorous body; and 
compound founds are thofe that proceed 
From feveral bodies ftruck at the fame time. 
Or from feveral ftrokes on different parts 
of the fame body. 

02 5. A 
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5. A chord is a firing of catgut, brafr 
wire, &c. fo ftretched as ^cn ftruck ta 
yield a diftinft found. 

6. A vibration is the regular, ajternate 
motion of bodies, by which, when put 
out of their natural ftate, they endeavour 
to return to it. Thus the firing A B (PI. 
XVIII. Fig, I .) being forced out of itsilatu- 
tal pofition to that of A ^ B, vibrates to d^ 
and then to ^,/, gt &€. till it returns to its 
firftftateat AB. 

APHORISMS. 

1 4 All found is produced by aa undula- 

tory or wavelikc motion of the air*, ex-< 

cited by the vibrations of a fonorou? bo-i 

dy proceeding from a ftroke of fomeothcf 

.tody. 

2. Acute founds arife from quick vibra- 

4 That air is the medium of found is evident 
from a bell placed in the receiver of an air-^pump, 
which may be heard to a condderable diftancebe* 
foie the air is exbaufted, but after, can fcarce be 
<tiftingui(h«d when quite near. 
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taons of the partsr of a body, and grave 
founds from flow vibrations. 

3. Smooth and ckar founds proceed 
from bodies that are homogeneous, and 
of an uniform figure; and harfti or ob- 
tufe founds, from fuch as arje of a mixed 
Iriatter and irregular figure. 

4. In bodies of a fimilar figure and dimen^ 
fion, and of equal ela/licity, their tones axe 
in proportion to their denfitics : the den- 
fer the body the graver is the tone ; ^there- 
fore a bar of gold muft have a graver 
found than one of filver, of equgtl dimen- 
lions J fuppofing theip to be of equal elaf- 
ticity- 

r. If two bodies are compofed of the 
fame matter, and are of fimilar figure, 
their tones will be in proportion to the 
quantities of matter. Thus, the tones of 
two globes of brafs will be to each other in 
proportion to their diameters. 

6. The vibrations of chords is in pro- 
portion to their lengths, diameters, and 

tcnfion# 

O3 7, All 
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7. All the vibrations of the fame chord, 
as A /: B, (Plate XVIII. Fig. i.) A ^/ B, 
A ^ B, &c. are made in the fame time. 

S. If two chords are of the fame diame- 
ter or thicknefs, and equally ftretched, 
their vibrations, inthejfame time, will be in 
proportion to their lengths inverfely, that 
is, a chord of fix inches will make two 
vibrations while a chord of twelve inches 
make^one*. 

9. If two chords frequently vibrate to- 
gether they produce a concord; and the 
more frequent the coincidence of vibration, 
the more pleafing the concord. 

10. Sound is propagated in concentric 



f From hence we learn how to divide any 
chord fo that it may found the feven concords ; as 
thus, divide the line A B (Plate XVIII. Fig. 2,) 
into two equal parts inC, and C B into two equal 
parts at D, and C D into two equal parts at £, 
Then A C will he to A JB asy, that is, an odaye; 
AC to A D as |, a fifth 5 A D to A B as 4, a 
•fourth; AC to A E as |-, a third greater; AE 
to A I) as-^, athird Icffer ; E B to A £ as -|., a 
^xth greater; and A £ to A B as j-, a fixth Icfler. 

circle* 
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circles every way round the fonorous 
body*. 

11. AIL founds, whether great or fmall, 
are of equal velocity. 

12. The fpace pafTed over by found is 
conftantly equal in equal times, whether it 
come from a greater or lefs diftance. 

13. The motion of found is at the rate 
of 1 142 feet in a fecond, and no obftacles 
obftrudl its progrefs; a contrary wind 
only a fmall matter diminiftiing its velo- 
cityf. 

* The diftance to which founds may be heard 
is very great. Authors of credit relate that the 
found of cannon has been heard i8o and 200 
miles. 

tBy this axiom we areenabled to find the diftance 
between objects- that would be otherwife immea- 
furable. For example, fuppofe you fee the flafli 
of a gun in the night at fea, and tell feyen feconds 
before you hear the report, it follows therefore, 
that the diftance is feven times 1142 feet, that is 
twenty-four yards more than a mile and a half. 
In like manner if you obferve the number of fe- 
conds between the lightning and the report of the 
thunder, yoi) know the diftance of the cloud from 
whence it proceeds. 

O 4 14, The 
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14. The velocity of found 18 to that of 
abriik wind as fifty to one, 

15. The ftrength of founds is greateft 
in cold and denfe air, and lead in that 
which is warm and rarefied. 

i6. In all founds the angle of incidence 
18 equal to that of reflexion, that is, if a 
line be drawn perpendicular to the refled:"- 
ing furface, the point from which the 
found iffues, and that to which it is rer 
fleded, will be equally diilant from the 
perpendicular line. 



RECRE- 



Digitized by 



Google 



RECREATIONS. aoi 

RECREATION XLIX. 

7he Molipiles. 

AN aEolipile is a fmall globe of brafs or 
other metal, into which ailender neck 
or pipe is infertecU This ball, when made 
red hot, is caft into a veflel of water^ 
which will rufh into its cavity, then 
almoft void of air. The ball being then 
fct on the fire, the water, by the rarefac- 
tion of the Internal air, will be forced out 
in ftcam, by fits, with great violence, and 
with a ftrange noife. 

If to the necks of two or more of thefe 
SBolipiles there be fitted thofe calls that are 
ufed by fowlers and hunters, and the 8eoli«- 
piles be then placed privately on the fire ; 
as thefleamrufliesforththey willmake fuch 
a horrible noiiie, that a perfoa who is ig- 
norant of the contrivance cannot fail being 
greatly aibniihing^ 

Great 
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Great care (hould be taken that the neck 
of the seolipile be not ftopped when it is 
placed on the fire, for in that cafe it would 
buril, and might do no fmall mifchief. 

RECREATION L. 

The communicative bujis. 

T E T there be two heads of plafter of 
•*-' Paris, placed on pedeftals, on the op- 
poiite fides of a room. There mufl be a 
tin tube of an inch diameter^ that muf): 
pafs from the ear of one head, through Uxe 
pedeflal^ under the floor, and go up ^o 
the mouth of the other. Obferve, that the 
end of the tube which is next the ear of 
the one head, fhould be confiderably 
larger than that end which comes to the^ 
mouth of the othcr^ Let the whole be fb 
difpofed that there may not be the leail 
fufpicion of a communication. 

Now, when a perfon fpeaks, quite low, 
into the ear of one bufl, the found is re- 

verber- 
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verberated through the length of the tube, 
^nd will be diftin£Hy heard by any one 
who fhall place his ear tb the mouth of the 
other. It is not neceffary that the tube 
Ihould come to the lips of the buft. If 
there be two tubes, one going to the ear, 
and the other to the mouth of each head, 
two perfons may converfe together, by 
applying their mouth and ear reciprocally 
to the mouth and ear of the bufts ; and at 
the fame time other perfons that ftand in 
the middle of the chamber, between the 
heads, will not hear any part of their con- 
yerfation. 

RECREATION LL 

TChe oracular head. 

T)LACE a buft on a pedeflal in the cor- 
^ ner of a room, and let there be two 
tubes, as in the foregoing Recreation, one 
of which muft go from the mouth and the 
other from the ear of the buft, through 
the pedeftal, and the floor, to an under a-- - 

partment. 
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partment. There may be likewife wires 
that go from the un4er jaw, and the eyes 
of the boil, by which they vixzj be eafily 
nkorcdm 

A perfitfi beiQg placed ia (he under 
room, and at a fignal given applying his 
or to one of the tubes, will hear any 
qucftion that is zfked ; and immediately 
reply, moving at the fame time the mouth 
snd the eyes of the buil, by means of the 
wires* 

RECREATION LIL 

Afohrfonata. 

TN a large cafe, fuch as is ufed for dials 
•*and fpring docks, the front of which, 
or at leaft the lower part of it, muft be of 
glafs» covered on theinfide with gauze, let 
there be placed a barrel organ, which, 
when wound up, is prevented from play- 
ing, by a catch that takes a toothed wheel 
at the end of the barrel. To one end of 
7 this 
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this catch there muft be joined a wire, at 
the end of which there is a flat circle of 
cOrk, of the fame diihenGoa with the in- 
fide of a glafs tube, in which it is to rife 
and fall. This tube muft communicate 
with a refervoir that goes acrofs the front 
part of the bottom of the cafe, which is to 
be filled with fpirit8> fuch as is ulfed ia 
thermometers, but not coloured, that It 
may be the better concealed by the gauze. 

This cafe being placed in the fun, the 
fpirits will be rarefied by the heat, and rit- 
ing in the tube, will lift up the catch or 
trigger, and fet the organ in play ; which 
it will continue to do as long as it is kept 
in the fun ; for the fpirits cannot run out 
of the tube, that part of the catch to which 
the circle is fixed being presented from 
lifing beyond a certain point, by a check 
placed over it. Care muft be taken to re- 
move the machine out of the funbeforethc 
organ runs down, that its ftopping may ^e 
^dently ofFeded by the cold, 

Whca 
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When the machine is placed againft the 
fide of a room on which the fun fhinea 
flrong, it may conftantly remain in the 
fame place, if yoi^ inclofe it in a fecond 
cafe, made of thick wood, and placed at a 
little diftance from the other. When you 
want it to perform, it will be only neceffary 
to throw open the door of the outer cafe, 
and expofe it to the fun. 

But if the machine be movpable, it will 
perform in all feafons by being placed be- 
fore the fire ; and in the winter it will 
tnore readily flop when removed into the 
cold. 

A machine of this fort is faid to havd 
been invented by Ck)rneliu8 Dreble, in the 
lafl century. What the conftrutiion of* 
that was we know not; but might very 
likely be more complex, but could fcarce 
anfwer the intention more readily. 

RECRE- 
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RECREATION LIIL 

An automatous harpjichord. 

T J N D E R the keys of a common harp- 
fichord let there be fixed a barrel^ 
fomething like that in a chamber organ, 
with ftops or pins correfponding to the 
tunes you would have it play. Thefc 
(lops muft be moveable, fo that the tunes 
may be varied at pleafure. From each of 
the keys let there go a wire perpendicular 
down ; the ends of thefe wires muft be turn- 
ed up for about one^fouth of an inch. Be- 
hind thefe wires let there be an iron bar, 
to prevent then from going too far back. 
Now, as the barrel turns round, its pins 
take the ends of the wires, which pull 
down the keys, and play the harpfichord. 
The barrel and wires are to be all enclofed 
in a cafe. 

Inthe chimney of the fame room where 
the harpfichord ftands, or at Icaft in one 

adja- 
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adjacent^ there mud be a fmoke jack, 
from whence comes down a wire, or cord, 
that, paffing behind the wainfcot adjoin- 
ing the chimney, goes under the floor, and 
up one of the legs of the harpfichord, into 
thecafe^ and round a fmall wheel fixed on 
the axis of that firft mentioned* There 
(hould be puUies at different diflances^be* 
hind the wainfcot and under the floor, to 
facilitate the motion of the chord. 

This machinery may be applied to any 
other keyed inftrumeht, as well as to 
chimes, and to many otherpurpofes where 
a regular continued motion is required. 

An inftrument of this fort may be con- 
ildered as a perpetual motion, according to 
the common acceptation of the term, for it 
will never ceafe going till the fire be extin- 
guiflied, or fome parts of the machinery be 
worn out. 



RECRE- 



Digitized by 



Google 



RECREATIONS. 209 

RECRKATLON LlV, 

A ventofaljymphcfiy. 

AT the top of a fummer-houfe, or otheif 
building, fredy expofed to the wind. 
Jet there be fixed the wings, or compound- 
ed vane AB (PI. XVIII. Fig. 3.)onwhich 
is the pinion C, that takes the toothed 
wheel D, fixed on the axis E F, which at 
its other end carries the wheel G, that takes 
the pinion H. All thefe wheels and pi- 
nions are to be between the roof and the 
cieling of the building The pinion H is 
fixed to the perpendicular axis I K, which 
goes down very near the wall of the room, 
and may be covered after the fame man- 
as are bell-wires. At the lower end of the 
^ axis I K there is a fmall pinion L, that 
takes the wheel. M, fixed on the axis of 
the great wheel NO, In this wheel there 
mull be placed a number of flops, corfef- 
ponding to the tunes it is to play. Thefe 
flops are to be moveable, that the tunes 
may be altered at pleafure. Againft this 
Vol. II. P wheel 
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wheel there muft hang twelve fmall bells, 
anfwering to the notes of the gamut. 
Therefore, as the wheel turns round, the 
flops ftrijcing againft the bells, play the fe- 
deral tunes. There fhouid be a fty to the 
great wheel, to regulate its motion \;^hen 
the wind is ftrong. The wheel NO, arid 
the bells are tobeenclofed in a cafe* 

There may be feveral fefs of belfe, one 
of which may anfwer to the tenor, another 
to the treble, and a third to the bafej or 
they may play diflPerent tunes, according to 
the fize of the wheel. As the belts are 
fmall, if they are of filver, their tone mil 
be the more pleafing, 

Inftcad of belk, glaffes may be ^erc 
ufed, fo difpofed as to move freely at the 
ftroke of the flops. This machinery may 
likewife be applied to a barrel-organ j and 
to many other ufes. 

RECRE- 
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?fe mSkirnal reveitleur. 

A GAINST the wall of a room, nfedr llie 
** cieling, fix a wheel of 12 or 18 
ihches diameter ; on the rim of whicli 
jplace 21 number of bells in tune, and, if 
you pleafc, of different fizes. To the axis 
of this wheel thene fli-ould b^ fixed a 
Uy, to fegulate its motion ; and roumd 
the citcumferetice thert muft bfe wound 
a rojpe, to the end of which is hung a 

weight. 

Near fo thfe wheel let a "ftand te fixfed, 
on Which i& an upright piece that ho!ds a 
balance or moveable lever, on one end of 
which reftfe the weight juft mentioned, and 
to. the othet efid mdft hang an inverted 
hollow cotie, or funnel, the kperture of 
Whrch is vtry fmalh This cone muft be 
gradu^ed on the infide, that the fand put 
P2 in 
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in may anfwer to the number of hours it 
uto run. Againft the upright piece, on 
the fide next the cone, there muft be fixed 
a cheeky to prevent it from defcending. 
This Aand, together with the wheel, may 
be enclofed in a cafe, and fo contrived as 
to be moved from one room to another 
with very little trouble. 

It is evident from the conftruftion of 
this machine, that when a certain quan- 
tity of the fand is run out, the weight will 
defcend, and put the wheel in motion, 
which motion will continue till the weight 
comes to the ground. If the wheel be re- 
quired to continue longer in motion, two 
or more puliies may be added, over which 
the rope may run. 

• 

The fize of the bells fhould be adapted 

to the fomniferous difpofition of the party 

they are intended to rouze; or, if you 

pleafe, a drum or tabor may be added, 

the 
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the flick to which may, be fixed in the fide 
of the room, by a fwivel that goes through 
the middle of it ; and one end of it being 
lifted up by teeth placed on the circum- 
ference of the wheel, the other end will 
alternately ftrike the drum. 
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RECREATION LVI. 

A mufical cafcade. 

WHERE there 1$ a natural cafc^f^ 
near the lower fireaiQ» but not in 
it, let there be placed a large wheel, equal 
to the breadth of the cafcade : the diameter 
of this wheel, for about a foot from each 
end, muft be much lefs than that of the 
middle part ; an4 all the water from the 
pdcade muft be made to fall on the 
ends*. The remaining part of the wheel 
which is to be kept free from the water, 
muft coniift of bars, on which arc placed 
flops, that ftrikc agaiqft bells, as in the 
54th Recreation : thefe flops muft likewifc 
be moveable, but larger than iq that Re- 
creation, a8 well as the bells, that they may 
^e heard much farthe^. It is evident 

* The water that falls on the wheel may pafs 
tbro' pipes, fo that part of it may be made occa- 
sionally to pafs over or fall Ihort of the wheel, as 
you would have the time of the mufic quicker or 
flower, 

from 
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. from the conflrudtion of this machine, that 
the water falliag on the floats at the ends 
of the wheeL will make the Hops, which 
are adapted to different tunes, ftrikcf the 
notes of thofe tunes on the refpeftivc bells. 
Two or three fets of bells may here be 
placed on the fame line, when the cs^cs^de 
is fufEciently wide. 

Where there is not a natural cafcade, 
one maybe artificially conftrudled, by raif- 
ing part of the ground, wherever there is 
a defcent of water ; whether it be a ftream 
that fypplies a refervoir or fountain, or 
fcrves domeftic ufes ; or if it be refufe wa- 
ter that has already ferved fomeoth^rpur^ 
pofe. 
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RECREATION LVIL 

Reverberated founds. 

SOUND, like light, after it has been re- 
flected from feveral places, may be 
coUefted in one point, as into a focus ; 
and it will be there more audible than in 
any other part, even than at the place from 
whence it proceeded. On this principle, 
it is that a whifpering gallery is pon- 
ilruded. 

The form of this gallery muft be* that a 
froncave hemifphere*, as ABC (PL XVIIL 
Fig, 4.) and if a low found or whifper be 
uttered at A, the vibrations expanding 
themfelves every way will impinge on 
the points D D D, &c. and from thence be 
refleded to E EE, and from thence to the 
points F and G, till at laft they all meet 

* A cylindric or elliptic arch will anfwerftill 
fetter th^n one that is circular* 

in 
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in C, where, as we have faid, the found 
will be the moft diftindly heard. 

Upon this principle alfo it is that the 
fpeaking trumpet is formed. For the found, 
in paffing through the long and narrow 
part ot the tube, is continually refleSed 
from its curved fide into the axis, and by 
that mean is prevented from fpreading till 
at its exit from the tube, wherehiy the 
ftrength of the found is greatly increafed. 

As by the laft aphorifm, page 200, the'' 
angle of refleded found is equal to that 
of its incidence, if we know the point 
from which any found proceeds, and the 
place from which it is refledted, we may 
cafily find the point in which its echo will 
be heard. 

To hear the echo of one fyllable, we 
muft be at the diftance of 120 feet from 
the refleding furface : for two fyllables, 
JJ40 f?et i for three fyllables 360 feet, &c. 

For 
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For when we fpeak diftiniaiy we fcarcc 
pronounce more than three or three fyllft- 
bles and a half in a fecond ; and as by 
apborifin 13, found goe$ 114^ feet in a 
fecond) if the dift^mcie between the fpeaker 
and the reflecting furfajce were lefs thaat 
360 feet, th&firft fy liable would be re- 
turned before the laft was pronounced^, 
and therefore the echo could not be dif- 
tindly beard. TTje eeh© in Woodftock 
Park is (Bid to return ly fyWabk« in the 
day, and 20 in the night j for then the air 
feeing coldcc and denfer, by aphorifm 15, 
the ftrength of the found muft be greater. 
From hence we may determine nearly, 
the diftance of an objed: that is inaccef- 

* According to the aphorifofi, tke difiance 
ihodd be 38a feet ; for the firft fyllable muft ga 
as far as is equal to the time the two laft fyllables 
are pronouncing, that is, two- thirds of a fecond^ 
therefore the diftance (bojuld be eqaak to two- 
thirds of 1 142 feet, ox 760^9 that is^ i^^T^ 
going and coming. But as fome time muft 
be allowed for the refledling furface to be made to 
vibrate by the impinging found, the £ii& diftan^^ 
360 feet, will be very near the truth* 

fiblej 
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fible ; for if an echo of lofyllables be re- 
fleded from the fide of a church or tower, 
it follows, from what has been faid, that 
theobjeft muft be 1200 feet diftant. 

■> 

The fame foundmay have feveral echoes, 
if there be feveral^ refleding furfaeea fo dif*. 
pofed as to make it reverberate to the fame 
point. Thus a violin, or other inftrir- 
raent, when fbundisd in a room where 
there are feveral arches of the fame fbtm, 
vii} ibund like a number of violins of 
the &m£ fize playing in concert: or if 
the arches be of different forms, uhero. 
will feem to be different inftrument^ play* 
fnjg the fame tune. 
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RECREATION LVIII, 
T^he converfivejlatue. 

PLACE .a concave mirror of about two 
feet diameter, as A B* (Plate XVIII. 
Eg. 5.) in a perpendicular diredlion. The 
focus of this mirror may be at 1 5 or 1 8 
inches diftance from its furface. At the 
diftance of about five or fix feet let there 
be a partition, in which there is an open- 
ing E F, equal to the fize of the mirror ; 
againft this opening muft be placed a 
pidlure, p2^inted in water-colours, on a 
thin cloth, that the found may eafily pafs 
through it f, 

♦ Both the mirrors here ufcd may be of tin or 
gilt pafteboard, this experiment not requiring fuch 
as are very accurate. 

f A Recreation of this kind may be performed 
in a field or garden, between two hedges, in one 
of which the mirror AB may be placed, and in 
the other an opening artfully contrived. The 
more cfFeftually to conceal the caufe oi this 

illufion^ 
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fiefaind the partition, at the diftance of 
two Or three feet, place another mirror 
GH, of the fame fize as the former, and 
let it be diametrically oppofite to it* 

At the point C let there be placed th<r 
figure of a man feajted on a pedeftal^ 
and let his ear be placed exadly in the 
focus of the firft mirror; his lower jaw 
muft be made to open by a wire, and fhut 
by a fpring j and there may be another 
wire to move the eyes ; thefe wiresf mull: 
pafs through the figure, go under the 
floor, and come up behind the pa-^- 
tition. 

Let a perfon, properly inftrufled, be 
placed behind the partition near the mir- 
ror. You then propofe to any one to 
fpeak foftly to theflatue, by putting his 

illufion, the mirror AB may be fixed in the wain- 
fcot, and a gauze, or any other thin covering, 
thrown over it, as that wili not in :he ]eail pievenc 
the found from being remedied. 
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maMh to th€ ear of it, aflliring him that i€ 
^ill anfwer infkntly. Yon theft jgive 
the fignal to the pQthn hdiind the par^ 
titioD, who, by pUcbg his ear to the 
focus I, of the mirror G H, will hear 
diftindly what the other laid, and mov- 
ing the jaw and eyes of the ftatue, by 
the wires, will return an anfwer dlre^ly^ 
which will, in like manner "be diftindly 
heard by the firft fpeaker. 

Remark. This Recreation dpp^ars to be 
taken from the Century of Inventions of the 
Marquis of Worcefter ; one of thofe men of 
fublime genius, who are able to perform 
anions infinitely fuperior to the capacity, 
or even the comprehefifion, of the mere 
fcholar or man of bufmefs ; and though 
his defigns, at the time they were pub- 
liflied, were treated with ridicule and 
negle<a, by the great and little vulgar, 
who, judging by their own abilities, are 
ever ready to condemn what they cannot 

torn- 
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be generally, if ii<it uh?vetfeHy, ptiL^i^ 
iaT)le. tlie woi-dft of the Maquis «re 
thefe : ** How to make alrazen or ftohe 
head, in the midft of a great field or 
l^arden, To artificial and natural^ that^ 
though a man fpeak never fo foftly^ and 
even whifper into the ear thereof^ it will 
prefentlyopen its motith, and refolve the 
queftion in French ^ Latin, ^elch, Irifh,or 
£ngli(h, in good terms, uttering it out of 
its mouth, and then (hut it until the next 
queflk)n be a&ed.'' 

RECREATION LIX. 

ItbeOrgM. 

fT^HE recreation this inflrument aflFord« 
•^ is known to every one ; but what 
we here propofe is a defcription of the 
feveral parts of this moft nfifWe aiad c6m- 
prehenfive of all mufical machines, and of 
the manner by which its numerous founds 
4 are 
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are produced : and fuch adefcription will^ 
perhaps, aflFord a perfon of aa ingenious 
difpofition a recreation little inferior to 
the founds themfelves. 

There are various forts of organs, but 
that we fliall here defcribe is the grand 
or church organ, which confifts of two 
parts, the main body, called the great or- 
gan, and the pofitive or little organ, which 
forms a fmall cafe or buffet, commonly 
placed before the great organ. The fize 
of an organ is generally exprefled by the 
length of its largeft pipe : thus they fay, 
an organ of 8, i6, 32 feet, &c.* 

The feveral parts of the church organ 
are as follows : HIH (Plate XIX. Fig. u) 
is the found-board, which is compofed of 
two parts, the upper board or cover HHH, 

• Tho organ in the cathedral church at Ulm, 
in Germany, is 93 feet high, and 28 broad : its 
largeft pipe is 13 inches diameter, and it has x6 
pair of bellows. 

and 
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and thfe undtr board H I, whicli is much 
thicker than the other ; each of thefe con- 
fifts of feveral planks, laid with their edges 
to each other, and joined very clofe toge- 
ther. In the under fide . of the lower 
board there are made feveral channel^ 
which run in the diredion L L, M M, 
&C4 and are continyed as far as there are 
flops in the organ, and come almoft to the 
edge H K. Thefe channels are covered 
oyer, very clofe, with parchment or leather, 
all the wayj except a hole that is com- 
monly at the fore end next H K, upon 
which a valve or piifF is placed. Thefe 
channels are called partitions. When 
thi^ valve or flap is (hut it keeps out the 
air, and admits it when open. On the 
upper fide of the lower board there are 
likewife cut feveral broad, fquare chan- 
nels, lying crofs the former, but not fo 
deep as to reach them ; thefe lie in the 
diredion L N, P Q^, &c. To fit thefe 
channels there are the fame number of 
Vol, II. Q^ wooden 
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wooden Aiders or rcgifters f^ /, f^ &c., 
running the whole length ; and thefe may 
be drawn out^ or thruft in, at pleafure. 
The number of thefe is the fame as that of 
the (lops in the organ. 

K K K is the wind-chefty which is a 
fquare box, fitted clofe to the under fide 
of the lower board, and made air tight, 
fo that no air can get out^ but what goed 
through the valves, along the partitions. 

V V are the valves or pufFs, which 
open into the wind-cheft ; they are aH 
incloftd in it, and may be placed in any 
part of it, as occafion (hall require. One 
of thefe valves, with the fpring that (huts 
it, and the wire that opens it, is rcprefent-- 
ed by Fig. 2. 

C, D, E, F, &c. are the keys on which 
the fingers are placed, when the organ i» 
played : tiieie keya lie over the horizontal 

bar 
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bar of wood W, in which are Ituck an 
equal number of wire pin8 z, z, on which 
keys are fixed ; and the keys move up 
and down on the bar, as on a center. 
There is another bar, againft which the 
keys fall when put down, and which is 
here marked 3 : on this al(b are feveral 
wires, which go through the keys, ^o 
guide them ; and on this bar a lift is faften* 
ed to hinder the keys from knot|ciiig a* 
gainft the wood* 

The keys are made to communicate 
with the valves feveral ways as we fliall 
now defcribe. Fif ftj s, x, j, are the key- 
rollers, moving on the pivots t, 1 1 thefe 
rollers lie horizontally, one above another, 
and are of fuch a length as to reach from 
the valve to the key : a^ ^ , a^ are arms or 
levers fixed to the key- rollers : ^, ^, the 
valve wires fixed to the arms ^, a^ and to 
the valves V, and go through the holes ^, /&, 
in the bottom of the wind-cheft ; A, 3, l^ 
Q^a are 
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are likewife! arms fixed to the key-rollers': 
^, dy dy the key-wires, fixed to the arrns, 
^, b, and to the keys C, D, E. Now when 
tbeendof any one of the keys C,D,E, is 
put down, it pulls down the arm ^, by the 
wire J, which turns about the roller s with 
the arm ^^, that pulls down the wire w^ 
whieh opens the valve, that is Ihut by the 
fpiing as foon as the preflure is taken off 
the key. Jn this conftrudlion there muH 
be a worm-fpring fattened to the key, and 
to the bar W, on the farther fide, to keep 
down the end 5, of the key. 

Another method of opening- the valves 
is thus: x)\xy^ aieflender levers, move- 
able on the centers i, i : 5.V, 5 jv, are wires 
;golng from the farther ends of the keys 
.to the ends x of the levers : jj^ V, jjr V, are 
-other wires, reaching from the ends ^ of 
vthe levers, through the holes /;, to the 
^valves V. So that putting down the key 
C, D, &Ci raifes the end 5, which tbrulls 

up 
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up the end x of the lever, by the wire 
5 X J this deprefles the end j^ of the lever, 
which pulls downthe wirej^ V, aad opens 
the. valve V^. 

A third way of opening the valves is 
this : at the end of the key 6, is a lever 
8, 9, moving in the center 7. This makes, 
^ith the key, a compound lever. From 
the end 9, a vvire goes to the valve. Now 
the putting down the end 6 of the key, 
raifesthe end 8, which deprefles the end 
9, of the lever 8, 9, piills dpwn the wire, 
and- opens the valve. There is only one of 
thefe drawn in the fcheme, and but a few 
of the others ; to avoid confufion. 

R,R, are the rollers, to move the Aiders, 
by help of the arms cf^ cjl which are 
fixed horizontally in thefe rollers; ke^k e^ 
are alfo levers fixed in the rollers ; le^le^ 
are the handles, which lie horizontally, 
Sind pafs- through the holes /, /; they are 
0^3 faftened 



Digitized by 



Google 



230 Rational 

faftened to the lever ke^ beiftg moveable 
about a joint at e. 

Now, any handle /^, b^ing drawn out, 
pulls the end e toward /, whieh turn? a- 
bout R k^ along with the arm cf\ and the 
pndy pulls out the Aider y^^^ ; and when^ 
i$ thruft in, the arm cf likewife thruftsj^ 
the Aider y^. 

Upon the feveral rows of holes which 
appear on the top of the upper bgard, 
there are fet up an equal nuinber of rows 
pf pipes. The pipes of an organ are of 
two kinds, the one has a mouth like aflut^, 
the other with reeds. The firft, caAed 
pipes of mutatioa, cohfifl: (i.) of a foot 
A A, BB (Fig. 3.) whiqh is a ho|low^one, 
that receive^ the wind that is to found 
the pipe : {2.) to th]s foot is ffftcn^d th§ 
body of the pijpe B B D D. Between thp 
foot and the body of the pipe is a dis^- 
P^iragnfior partition FEF^ that has ^lon^^ 

but 
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but narrow aperture, by which the win4 
fcomes out; over this aperture is the mouth 
BBC, whofc upper lip C, being level, cut* 
the wittd as it comes out. 

The pipe« are of pewter, of lead mix- 
;ed with a twelfth part of tw, andof wood^ 
Thofe of pewter are always open at their 
extremities : their diameter is very fmall, 
and their found very clear and (hriU. 
Thofe of lead mix^ with tin are larger : 
the (horteft are c^en, the longeft quite 
Hopped : thofe of a mean fize are partly 
(lopped, and have befide a little ear on each 
fide the mouth, to be dr^wn clofer or fee 
farther afunder, in order to raife or lower 
the found. Tht wooden pipes are iquate 
«nd their extremity is (lopped with a valre 
or tampion of leather. The found of the 
wooden and leaden pipes ii Very fc^t : the 
large ones flopped are commonly of wood, 
the fmall ones of lead* The longeft pipes 
give the graved found, and the ihorteft 
the mofk acute ; their lenjgtba (and widths 
Q 4 arj? 



Digitized by 



Google 



' tit ^ R ATI O N AX 

are determined by a- fixed proportion to 
their founds, and their divifions are regu- 
lated by a rule, which is called the diapa-t" 
fon. The longeft has commonly fixteen 
feet ; but in very large organs it has thir- 
ty-two feet- The pedal tubes' are always 
open, though made of wood and of leadl 
Whatever note any open pipe foqnds,wheii 
its mouth is flopped, it will found an oc-^ 
tave lower ; and a pipe of twice its capa- 
city wall lri:ewife found an odave lower, 

^A reed-pipe coufiftsof a foot A ABB, 
(Fig. 4.) that carries the wind into the 
flialot or reed CD, which is a hollow de- 
mi-cylinder, fitted, at its extremity D, into 
a fort of mould, by a wooden tampion G^ 
The (ballot is covered with a plate of cop- 
per KKLL, fitted^ at its extremity I r, 
into the mould, by the fame wooden tam- 
pion. Its other extremity K K, is at liber- 
ty, fo that the air entering the fliallcit 
makes it -trerrtble, or fliake againft the 
feed J and the longer that part of the 

tongue 
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tongue I L, which is at liberty, is made, 
the deeper is the found. The* mould 1 1, 
that ferves to fix the Ihallot or reed, the 
tongue^ tampioti, &c. ferves alfo to ftop 
thie foot of the pipe, and make the wind 
go out wholly at the reed. Laftly, in the 
mould is foldered the tube H H, whofe 
inward opening is a continuation of that 
of the reed : the form of this tube is dif- 
ferent in different ranks of pipes. The ' 
degree of acutenefs or gravity in the found 
of a reed-pipe, depends on the length of 
thetongue, and that of the pipe C K, taken 
from the extremity of the fliallot, to the 
extremity of the tube. The quantity oj 
intenfion of the found depends on the width 
of the reed, the tongue, and the tube ; as 
alfo on the thicknefs of the tongue, the fi* 
gure of the tube, and the quantity of wind. 
To diverfify the founds of the pipes, a 
valve is added to the port-vent, which 
makes the wind go out in fits or ihake?. 
In Fig. I. X reprefents a flute-pipe of 
Y^ood, % a flute-pipe of metal, Y a ,trum- 
• petr 
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pet-pipe of metaL The pipes, to pre* 
▼ent them from falling, pafs thro* holes 
made in boards, placed upbn the upper 
board. 

The pipes are made to communicate 
with the wind-cheft in the following man*- 
ncn There are holes bored that go thro* 
the upper and lower boards, and through 
the ilidtr, (when it is drawn ont) into 
the partition below ; fo that any pipes 
placed upon thofe holes will then com- 
municate with the partition, which, by its 
valve, communicates with the wind-cheftt 
But when the Aider is thruft in its holes 
do not anfwer to thofe in the upper 
3Jid lower boards, therefore the commu- 
nication is ftopped, fo that no wind can get 
to the pipe, ^ 

To every largeorgan there muft be at lead 
two pair of bellows, which are marked in 
Fig. f.by9T,9T. O, O, are the handles, 
inpvin^ ypon the axes nn^nn^ Each of 

thefc 
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thefe bellows confifts of two boards, the 
lot«eft of which is immoveable; and in 
this there is a valve r, opening inwards 
and a tube leading to it, called the convey- 
ing tube. There is alfo a hole in this un- 
der board, from which a tube leads to the 
port-vent, which is a fcjuare tube marked 
4, rifmg upward, and inferted into the 
under fide of the wind-chcft at 2, In the 
tube leading tb the port-vent there is a 
valve that opens toward the port-vent, 
and fufFers the air to go up the port-vent, 
but not to return. Now the handle O be- 
ing put down, raifes t>he upper board T, 
and the air enters through the valve r, and 
when the handle is let go, the weight of 
the upper board, which carries three or 
four pound to every fquare foot, continu- 
ally defcending, drives the air through the 
port-vent to the found-board : and as the 
bellows work alternately one pair is con- 
ilantly defcending, which occi^fions a con- 
tinual blaft through the port -vent Ii^ 
j^l^amber-organs there is but one pair of 

bellows, 
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bellows, but they are formed of three 
boards, in thfc manner of a fmith's bel- 
lows, and fb have a continual blaft. All 
the internal ftrudure of the organ iscon^- 
cealed from the fight by the front of the 
inftmnient, which ftands upon the part be- 
tween the numbers 3 and 6 (Fig» i.). 

In every organ the number of partitions 
LL, MM, &c. there are in, the found- 
board (Fig, J.) that of the valves V, V ; 
that of the rollers j, s ; or.pf the leyers x^ 
}\ or 8, 9, and their wires : and ths^t of the. 
keys ABC, &c. muft be al\/vay8 equal 
I^arge organs have commonly four or five 
fets of keys, befide thofe that belong tq 
the pedals or large pipes, the (lops to which. 
arc played by the feet. The keys of an 
organ are ufually divided into four oc« 
taves, which are, the fecond fub-^pdavc, 
firft fub-odave, middle odave, and firfi; 
4>dave. Fach odave is divided into twelve 
Aops or frets, of which ieyen are black 
gnd five white ; the former mark the nar 

tural 
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tural notes, and the latter the artificial 
•notes, that id, flats aiid fharps. The num« 
i>er of keys, therefore, when there are 
four odaves, muft be 48. Some organifts 
add bile or more ftops to the firft and fe- 
I'cond fub-odaves. The pedals have two 
or three odaves, at the option of the or- 
ganift ; fo that the number of ftops is in- 
determinate. The keys are placed be- 
tween C C (Fig. 1.) but the fcheme could 
not cpntain them alL There are alfo as 
many handles /, /, &c. rollers R, R, &c. 
Aiders yiyi &c. as there are ftops upon 
the organ j and it muft be obferved, that 
between the Aiders, /,yi &c. there are as 
many Aiders on the right hand, and the 
fame number of handles and rollers, and 
other rows of pipes placed between L N, 
PQj &c. which could not be exprefled in 
the figure. 

The leaft pipes and partitions are placed 
toward the middle of the organ, and' 
the greateft on the putfide. The. ftops 

of 
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of an organ have various denommatiom, 
according to the founds they are to pro^ 
duce ; fome of which are diapafoo, prin*' 
cipal, fifteen, twelfth, tearce, cornet, 
trumpet, French horn, vox humana, flute, 
bafToon, Cremona, &c. There is a con- 
trivance to fwell the notes of fome of the 
flops, by placing the treble or fmall pipes 
in a kind of acheft,which isperfeftly cloi^ 
cd or opened with the foot by means of a 
pedal. When the pipes are clofe fliut up, 
the found is fcarce audible and feems to be 
at agreatdiftance; but as the cheft is whol- 
ly or in part opened or clofed, in a gradual 
and uniform manner, the found of the pipes 
is increafed or diminiflied in the fame pro- 
portion. In large organs, the upper or 
half-row of keys belong to thefe pipes ; and 
when this part is managed by a good per- 
former, it yields the moft delightful mufic 
imaginable. 

When this magnificent inllrument is 

played, the handle O of the bellows is firft 

put down, which raifes the upper board 

T, and gives room for the air to enter by 

6 the 
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the valve r. Then the other handle O is 
put down ; in the mean time the board T, 
belonging tto the firft handle, defcending, 
and fhutting the valve r, drives the air, 
through the other valve, up the port-vent, 
and into the wind-cheft. Then drawing 
out any handle^ as that of the flute-ftop 
ply which draws out the flider/^, all the 
pipes in the fet L N are ready to play, as 
foon as as the keys C,D,E,&c. are put down 
therefore, if the key D be put down, it 
opens the correfponding valve m V, thro* 
which the air enters into the pipe X, and 
makes is found. In the fame manner any 
other pipe, in the fet LN, will found when 
its key is put down ; but no pipe, in any 
other fet, will found, tilltheflider be drawa 
out by its correfponding handle. 

The organ is not only the moft grand 
but the moft ancient of all compound mu« 
fical machines. Vitruviusdefcriblesanhy-^ 
draulic organ in the tenth book of his ar- 
chitecture^ which was celebrated by the 

emperor 
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emperor Julian, in an epigram. St. Je- 
rome mentions an organ that had twelve 
pair of bello\^s, and whofe found might 
be heard at the diftance of a mile. 
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RECREATION I. p. 14 

Optical illufion. 

Three pieces of money being placed in a 
veflel (PI. III. Fig. i.) outof the viewof 
a fpe(Jlator, and water being poured in^ 
to the veflel all thofe pieces become vi- 
fiblc — by the refradion of the lightthro* 
the water, 

RECREATION W. p. 15 

Optica! angmentathn* 

A Ihilling being put in a glafs of water, 
and a plate placed upon it, the glafs is 
turned over with the plate, and there 

, appears a half crown on the plate and 
a (hilling over it — by the feeing the fhil- 
ling through the top and Ihe fide of the 
water at the fame time, and the difFiSrent 
refradion of the light, 

^^ RECRE- 
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RECREATION HL p; 17 

Optical fuhtraSiion. 

Three fmall pieces of. paper being plwed 
againft a wall, (Plate HI. Fig, 2.) a 
perfon by ihutting one of his eyes caa 
fee only two of them-^the rays that 
come from one of the pieces falling 
always on the optic nerve, and not on 
the retina, ' 

RECREATION IV. p.i8 

Alternate illujion^ 

A filvcr feal when viewed througfh d coti- 
vfix lens, appeals alternately engraved 
and in relief*— conjedlurc on thei:airfe of 
thisremarfcablephenomenonp. 90 (note) 

RECREATION V. p. 20 

^he camera ohfcura. 

A coAvex lens is placed in the window- 

(huttcr of a dark room^ and a concave 

R 2 pafte* 
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pafteboacd^ lined with white paper, i» 
placed in the focus of die lens, where- 
by ^e objeds without die room are 
painted on the paper, but inverted — 
methodf of middng them appear ere£b; 
page 22 (note) — this apparatus^ im- 
proTed hj a mirror placed in drfferent 
po(tt]OD8> p. 2a— ppefent^ the moit 
-pkzfmg. and joatural of all piduses 25 

RECREATION VL p- ?5 
Ti^Jbew the f pots m the furl's dijk^ by /> 
image in the camera obf cur a ^ 

By placing a fcioptric bali» that is, a half of 

. wood in which a kns^ i^ fixed) oppofitft 

the iun^ which will throw its ioiage on* 

the paper^~this image to be TiewcA 

through another lens, p. 26 
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RECREATION VIL p^a; 

Iv magnify fmatt objeBs by means oftbejim^s 
rays let into a dark chamber. 

By throwing the rays on a coacave mirfor, 
and holding the fmall objects, ftuck on 
(Hps of glaf8, near the focus of the mir-* 
ror, by which mean their images are 
refleded oa the waH. 

RECREATION VIII. p. 28 
The fortabk camera objbura. 

A plj^of^^s is placed ta a horizontal 
.-^JfoipMtj-^^ wood that is fupported by 
;jblir kgs« which fold up (Plate IIL 
Fig* 3*) Under the frame is a box, 
that likewife folds up, and ^ the bot-- 
tom of it are a tube and a mirror^ by 
which tlie objedls are receded to the 
glafs— advantage of this cainera over 
others, p. 30T— planner of drawing ob- 
je£U by this in«chine p. 3 1 

I?^3 RE- 
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RECREATION IX, p,3a 

The magic lantern. 

The origin of this machine— *it confifts 
of a tin box» at one end of which is a 
concave mirror; in the other end is 
fixed a lens, and between them i? placed 
ajamp; before the lens is fixed a fquare 
tin tube in which there is a groove, 
and through this groove the glafles 
that contain the objefts are paffed : in 
this tube is placed another, that is move- 
able, and contains two lehies, which 
throw the objects on a cldtlf^|Sitethod 
of painting theglaffes, p. 37*^^ife|I^I 
of improving this machine ^f ufii^ 
fnoveable objedls P- 39 

RECREATION X, p.40 

To rtfrefmt a tempt fi by the ma^tc lantern. 

]By paffing two glafles, on one of which is 
painted the fea and fky, and and on the 

othef 
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other (hips, (Plate IV. Fig. i and 2) 
through the groove at the fame time, 
and giving them a proper motion-*-by 
the fam€ method a battle, and many 
other fubje£ks may be exhibited p- 42 

RECREATION XL p,43 

T^ nebulous magic lantern. 

At the bottom of a fquare box, whofe 
height is equal to fix times its width, 
(Plate IV. Fig. 3.) is placed a chafing- 
difh of hot coals^ on which incenfe is 
burnt, and on the fmoke that comes 
out of the top of the box is thrown the 
figures of the magic lantern. 

RECREATION XII. p. 44 

Reproduce the appearance of a phantom\ on 
a box or pedejial placed on a table. 

A common magic lantern is placed in a 

box, (Plate IV. Fig. 4.) in which there 

^8 an inclined mirror, that refieds tr.e 

R4 . light 
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light of the lantern on the, thick fmoke 
of a chafiDgdifh of coals placed on the 
box, and fliows the image refl^ded by 
the glafs — ^his Recreation jnuft be perr 
formed ia a dark room, p. 47 

RECREATION XIII. p.48 
^e magical theatre^ 

A magic lanterfi mud be provided that ha$ 
a tubeintwoofitsoppofite fides, (PI. IV^ 
Fig. 5.) in one of which tubes there 
muft be feveral grooves, by which the 
fubjeds to be reprefented may be pafied 
either horizontally, afcending, or de- 
fcending, and two or more of them at 
the fame time. In the partition between 
the room where the janterp is, and th^t 
where the exhibitioji is to be feen, therp 
muft be placed a glaf^, covered with 
thin paper, on which the'ol)je<3s are to 
be thrown— e3:aipple of a reprefeiitatioq 
of the ficgc of T|;oy, in five zAs^ 
p. 52— it IS guite neceffary that the 

glaflcs 
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glaffcs for tbcfe eachibitions l>$ acur»te^ 
ly painted, p* 60, 

CATOPTRICS, 

PEFINITIONS 62 

APHQRISMS 63 

Properties of plain mirrors, p. 63— of 
fpherical convex mirrors, p. 64-^of 
fpherical concave nairrors, p. 65. 

RECREATION XIV. p, 67 

ne boundJifs gallery. 

/Vgainft each of the two fmalleft ends of 
^ an oblong box (Plate VI. Fig. j.) is 
placed a plain mirror, and from one of 
^h«m the quickfilver is taken off f6r the 
fpajce of an inch and a half^ oppofite 
which a hole is made in the box : the 
top of the box is covered with glafs, 
and between the mirrors are placed 
fcenes properly paintiBd, which when 
viewed from tjie ho^ at the end of the 

box^ 
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box, appear as an endlefs vifta or gal- 
Icry. 

RECREATION XV. p.69 
Tbejbur magical mirrors. 

The infide of a fquarebox (PI. V/.Fig.4.) 
is lined with four mirrors : the topis 
covered with five planes of glafs in form 
of the lower part of a pyramid, and on 
the bottom of the box are placed certain 
objeds in relief, which when feen from 
the top are fo refleSed by the njirrors 
as to form an milimited fpace complete- 
ly covered with objeds* 

RECREATION XVJ. p.yz 

The e nek anted palace. 

From the center of a hexagon to its cir- 
cumference are drawn fix lines, at equal 
difiances, (Plate VII. Fig. i .) and on 
each of them are fixed two mirrors, 
which are fupported by pillars placed 
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at the circumference : the top is cover- 
ed with a dome, and between the fix 
fpaces objeds are placed, which are re- 
flefted fix times, and produce a very^ 
pleafing appearance. 

RECREATION XVII. p. 75 

To draw m irregular figure^ which Jball 
appear regular when viewed in a plane 
mirror. 

The figure is to be firft drawn on a fquare 
that contains a number of equal dm- 
fions, ^(Plate VII. Fig. 2.) and then the 
feveral parts transferred to the fame 
number of di^ifions in a trapezium; and 

. that diftorted figure, when fecn in the 
mirror from a determinate point of 
view, will appear in its natural form. 

RECREATON XVIII. p.78 
l^be magical dial. 

A dial -plate, that has a magnetic needle 
for a hand, is placed at the bottom 

of 
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of a dial cafe, and toward the top of 
tbe cafe is fixed a mirror, by which 
the figures of the hours are reiledted to 
the part where the dial is commonly 
fccn. Another dial plate, at the back of 
which is coQcealed an artificial mag- 
net, that is moved by the hand of that 
dial, is given to a perfouj who fetting 
the hand privately to any hour, puts it 
In a drawer at the bottom of the dialr 
cafe^ under the firft mentioned dial, and 
looking in at top he fees the reflexion 
of the dial there, anfwer to the hour at 
which he fet the other dial ; the hand 
of the firft being moved^ by the attrac- 
tion of the magnet in the other, to the 
£ime hour. 

RECREATION XJ^. p, 8i. 

Jbi box afdhinatim^ 

A box that contains four cafes, on each of 
which a number is wrote, and at the 
bottom 6[ which a magnet is concealed, 

(Plate 
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(Plate VIIL Fig. i.) i& placed oa a ta- 
ble: under that part of (he table are 
placed four moveable circles, thathaTe 
each a needle, and under them is a 
^awer, that contains a mirror, :fothac 
by looking into the drawer yon fee, hy 
that mirror, in what order are plaicodthe 
boxes that baye the numbers* 

RECREATION XX. P.J4 

Ti^ magical fer^ffives^ 

A finalT common perfpedive (Plate VIII*. 
Fig. 6.) is fixed on a hollow fiaiid of 
wood; in this perfpedlve is placed a 
mirror, which is nu)Yed by the inner 
tube, fo as ta (how any objedt under the 
hoHow fta»d« Three of thefe perfpec- 
tives are fet over three holes m the 
top of abox» (Fig. 5,) at the bottom of 
which is placed a moveable circle^ that 
YS divided into twenty-one equal parts^ 
and contains a magnetic needle: this 
box is fet on a table, iKider which 

4 i& 
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18 concealed a magnetic bar, that being 
privately placed iri any pofition. deter- 
mines that of the circle in the box, 
and confequently brings any of the ob- 
jcds painted on it under the feveral 
perfpedives. 

kE CREATION XXL p. 93 

^he penetrative perfpeSiive. 

In a box or cafe that has two pfoinineiit 
parts or arms, (Plate X. Fig. i.) are 
placed four mirrors, and in each of the 
arms is fixed the tube of a perfpedive 

^ glafs, fo that the objed next the end of 
one perfpeSive, being reflefted by the 
four mirrors, is feen at the end of the 
other, and appears as if viewed through 
the two perfpedlives, and confequently 
is perfectly vifible when an opaque 
body is placed between thofe two per- 
fpedives. 
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RECREATION, xkll. p. 96 

The.magicians mii&ors.' 

Two glafles^are, fixed Jh the partition of 
a room, at about a foot diftant from 
each other; behind thefe glafles are plac- 
ed two mirrors, inclined in a proper an- 
gle, fo that a perfon looking into ofte of 
them, inftead of feeing his own face fees 
that of another perfon who at the fame 
time looks into the other glafs. Method 
of improving this Recreation, by put- 
ting the two glaffes in adjoining rooms, 
p. 97 — properties of plain mirrors when 
placed in diflFerent pofitions, p, 98 

RECREATION XXIII. p. 100 

Polemofcopes* 

Thefe inftruments confift of a tube that 
contains an inclined mirror, and has an 

eye* 
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eye-glafs of a proper focus, fo chat 
wkik the tube is pointed at one ohjeGt 
you ieeafiolher. By placing an inftru- 
meQt of this fort at the top of a wall^ 
while you ftand at the bottom, you 
fee what paflesouthe other fide» p. loi 

RECREATION XXIV, p. 102 

7Be enchanted mirrors. 

In four parallel fides of a cubical box are 
fi^ced four glafles^ reprefenting mirrors, 
and within the box are placed two mir- 
rors, that crois it diagonally* When 
four perfons look into the glafles, each 
of them fees^ infiead of his own face, 
that of the perfon next hun> and who 
appears at the fame time to be placed 
direftly oppofite to him* 
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■V. if 

T^he anwfated optic ballsi 

This pkafing piece of optics donfifts of 
an oblong box, (PL JX. Fig,^ 2.) three 
fourths of the upper part of whiqhis 
divided from the lower by;, a horizontal 
partition, and is decorated with paint- 
ings. In the lower part of the remain- 
ing fourth j^ placed an inclined 'p1ane> 
in the middle of which is a ferpentine 
groove, and in, the other parts ate paint- 
ings or objeds in relief: iii the uppei? 
part of this fpace is a mirror, placed in 
a proper angle to rcfled^the obje^s 
on the plane. At the end of the box 
is a fmall opening, by which ivory balls^ 
that may be painted with different 
colours, are put in, and running down 
the groove in the inclinrf plane^ pafs 
out at the bottom, and arc raifed to the 
fame opening again by a machine placed 

V0L4 IL S there 
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there for that purpofe. Part of the top 
of this box is covered with glafs, lined 
with gauze» and near the inclkied plane 
is placed a lamp. In the end of the 
box oppoiite the plane> there isanopen** 
ing in which a glals is fixed, and thro* 
which the objeds on the inclined plane 
are feen, reflect cd by the mirror, apid being 
all inverted, the balls/eem to roll up the 
mirror, and pafs out at the top of the box. 

RECREATION XXVI. p.iii 

The optic balls by a double reflexion.' 

This box differs from the laft in having a 

mirror where the inclined plane is there 

placed, an4 in the planes being placed 

at the oppofite end of the box. There 

may alfo be an additional number of 

grooves, with a fmall inclination, thro* 

which the balls may pafs : and if there 

be fufficient room, there may be two 

fets of grooves, _,by which the balb will 

feem in the mirror to rencounter aqd 

pafs over each other. , 

RECRE. 
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RECREATION XXVU. p.114. 

^0 defcribe en a plane fur face an irregular 

figure y which Jhall appear regular when 

placed oppqfite a multiplying glafsj and 

feen by reflexion through an aperture 

made in the center of the drawings - 

The plan of the multiplTing g^lafs (Plate 
X^ Fig. 4.) being drawn on paper, the 
defign is to be drawn on that. The 
glafs is to be fixed on a (land at one 
end of a box, and at the other end is to 
be a frame that holds a paper, in the 
middle of which is a hole, and on which 
is to be tranferred the defign drawn on 
the multiplying glafs, and which will 
then be quite diftorted ; but being feen 
in the mirror, by looking through the 
hole, it will appear quite regular* 
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RECREATION XXVIIL p. 120 

To defcribe on a plane furface a deformed 
figure^ which Jhall appear regular when 
viewed by reJle£ifon in a cylindrical mir^ 
rcr. 

Part of the furface of the cylinder (PL %\. 
Fig, I.) is (o be divided by lines, int(> 
twelve part8> in proportion to thofe of 
the diameter of the circle C D, Fig. 2. 
The parallelogram, Fig. 3. is likcwifc 
to be divided into twelve equal parts, 
and on them a regular figure is to be 
drawn, and then transferred to the fame 
number of parts, which will be refleifl- 
ed on the plane D G, by the lines oa 
the cylmder, and the figtire will then 
appear deformed, but being fcen from 
the point of view E, will be quite re- 
gular. A finiilar experiment may be 
made with prifmatic and other mir- 
rors, p. 1 24 ^ 
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RECREATION XXLX. p.123 

Optical appearances » 

A battle half full of water being placed 
near the focus of a concave mirror, ap- 
pears pot only inverted, but the water 

' at the top of the bottle and the bottom 
of the bottle empty. If the bottle be 
inverted and placed before the mirror, 
its image will appear ere£t, and the wa- 
ter at the bottom of the bottle. If while 
the bottle is inverted it be uncorked, it 
will appear, that while the upper, part 

. U emptying the bottom part is filling. 

RECREATION XXX. p. 128 

T/ie perfpeiiwe mirror. 

At one end of an oblong box (Plate XIL 
Fig. I.) is placed a concave mirror; near 
the upper part of the oppofite end a 
hole is made, and about the middle of 
the box is placed a hollow frame of 
. S 3 paftei- 
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pafteboard, that confines the view of the 
mirror* The top of the box next that 
end in which the hole is made is co- 
vered with a glafs ; and und^r the hole 
are placed, in fuccefiion, different pic- 
tures, properly painted, which are 
thrown into perfpedive by the mirror, 
and produce an appearance that is highly 
pleaiiug. 

RECREATION XXXL p. (30 

ffo fit fire to a comhufiible body\ by the re^ 
fe^ion of two conccme mirrors. 

Thefe two mirrors (Plate XII. Fig. 2.) are 
placed at a confiderable diftance, and in 
the focus of onp of them is put a live 
coal, in that of the other fome gun* 
powder and by the blowing on the coal, 
the gunpowder will ts^ke fire, thougl^ 
the diftance between the mirforf t{e fe« 
ycral feet. 
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RECREATION KXXII. p. 132 
^he real apparation. 

A hole is made in a partition, (Plate XIL 
Fig. 3*) and behind it is placed a large 
concave mirror, andaftrong light, that 
xnuft not be vifibie at the hol^. On the 
fame fide sf the partition, and dtredly. 
under the hole, is fixed, in an inverted 
pofition, the object that is to appear 
without the p^irtition. A perfon being 
placed in a proper point of vit w will fee 
the objea on the outfide, and in .an 
ereft pofition— The figure of an abfent 
or deceafed friend may be made toap« 
pear by this i«ethodl,p. 134 — Theima- 

* ginary combat by a concave mirror, 

p. 136 

CHROMATICS. 

DEFINITIONS p.. 137 

APHORISMS 138 
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RECREATION ?:XXIILp.i4t 

Out of a fngle cohurlcjs r^y of light to pro-- 
ducefe^en other rap, iphicb fhall painty 
en a ^hite body^ the feven primary co- 
lours of nature. 

A round hole i& made ia the window-lhutT 
tcr of a d»rk room, and th« ray of light 
that enters at the hole, falling onnprifm, 
is rcfrafled, and being thrown on a pa-r 
per placed ?it a proper diftance, forms an 
oblong fpedrum that exhibits all thg 
primary colours of nature* 

RECREATION XXXIV. p, 142 

From two or more of the primary colours 
to compofe others that jl:alU4n appear ame^ 
refemhle thof of the prifm^ 

By mixing any two of the primary CQr 
lours, as yellow and blue, the interme- 
diate colour, green, will be fornied ; but 

. tjicfe mixed colours, though fimilar in 
appearance |p the primary, yet when 

yieFed 
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viewed through a prifm, are refolved 
into the colours of which they are com- 
pofed^ 

RECREATION XXXV^ p. 144 

Out of the three' primary colours^ red^ 
yelloWy and blue^ to produce alt the other 
prifmatic colours^ and all that are inters 
mediate to them^ 

Three p^tnes of glafs are divided, each of 
them into five equal parts, and over 
thofe parts are pafted a different num- 
l)er of papers painted cither red^ yellow^ 

^ or blue (PI. %\n. Fig. 2.) When one 
of thefe giafles is put in a box, open at 
two oppofite ends, all the gradation « 
of the ccdour it contains are vifible; 
gnd when two of them are placed toge-r 
tljer. Fig. 3, the intermediate colour ap^ 
pears, with its feveral degrees. 

RECREATION XXXVL p. 147 

^y means of the three primary colours^ red^ 
yellow ^ and blu^y together with light and 

fhade^ 
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Jkade^ tf^ produce all tht gradations of the 
prifmatic colours. 

On fcvcn fquarc panes of glafs papers are 
pafted that contain all the prifmatic co- 
lours, and over them are put a difFefioit 
number of pieces, tinged with a deep 
ihade, and they are then placed in abox, 
in the fame manner as in the lad Re« 
creation. Method of printing in co- 
lours, p-148. 

RECREATION XXXVIL p,i50 
The magical pri/m. 

A ray of light that comes through a hole 
made in the window-(hutter of a dark 
chamber, falling on a glafs prifm, (Plate 
XIII. Fig. 4*) is refraded on a hollow 
prifm of wood, that revolves on an axis, 
and in whofe fides figures are cut. As 
this piifin changes its pofition with re- 
gard to that of the glafs, the figures 
cut out will appear white, yellow, and 
fpdt or blue and videt* 

RE- 
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RECREATION XXXVni. p. 152 
^efolar magic lantern. 

A fmall box that is open at two oppoGte 
fides, is placed againft a hole of the 
fame fize inthe\window-{hutter^f a dark 
chamber that faces the fun. Through 
liiis box are pafled, by a groove, paftc- 
))Qard blacked, and through which dif- 
ferent figures are cut. Thefe figures, 
when viewed through a prifai, appear 
to be painted with the moft lively co* 
lours in nature. This Recreation may 
be diverfified by pafting papers, tinged 
with different colours, over the figures 
in the pafleboard. 

RECREATION XXXIX. p.154 

The artificial rainbow. ' 
Oppofite a window op which the fua 
(bines, a glafs globe filled with water, 
is fufpended by a firing that paffes over 
a pulley ; and when it is drawn up to a 
certain height^ which may be found by 

trial, 
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trial, the colours of the rainbow will ap* 
pear in it : when it is drawn up a little 
higher the colours disappear, and when 
it is drawn up ftill higher they appear 
again, and at lafttotally difappear. The 
phenomena of the natural rainbow ex- 
plained by this experiment, p. 155. 

RECREATION XL. p. 158 

Tteprifmatic camera obfcura. 

Two holes are made in the fliutter of a 
dark chamber (Plate XIII. Fig. 5.) and 
againft each of them a prifm is placed, 
in {uch manner that both their fjpcc- 
trums arc caft upon the fame fpot Se- 
veral papers, of the fame dimenfion 
with theif edrums, have lines drawn oiji 
them, parallel to the ^ivifions of the 
colours, and betweeii thofe divifions fi- 
gures are cut out, which then appear to 
be painted with ;ajl the primary colours^ 
This Recreatipn ipay be diverfified by 
turning one of the prifms round; and 
by looking at the fpedrums through au- 
pfher prifaji, p. 159. 

RE- 
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RECREATION XLL p. 160 

. ^he diatonic fcak of colours. 

The fun's fpe^lrum is to be largely re- 
fracted on a paper, and the divifions of 
the feveral colours fet off, when they 
will be found to correfpond to the divi- 
Tk^s of amufical chord for . the notes of 
an odave. • 

RECREATION XLH. p. 162 

Colorific mufic* 

The furface of a hollow cylinder (Plate 
XI V» Fig. 2.) is divided vertically into 
fix equal parts, and horizontally into for- 
ty-one parts ; in each of the latter parts 
fpaces are cut, over which arc pafted 
papers that are painted with the feven 
primary colours. At the bottom of 
this cylinder is a wheel, an endlefs 
fcrew, and a nut ; and when it is placed 

. in a cafe, Fig^ 3, the endlefs fcrew is 

turned 



>. 



^. 



Digitized by 



Google 



t^o CON TENTS. 

turned by a handle, which turns the 
wheel, and raifes the cylinder hj means 
of the nut at bottom, the height of 6vc 
of its horizontal divisions, and confe- 
quently fhows the feveral colours it con- 
tains at th^ eight apertures made in 
the front of the cafe. A lanip is fuf- 
pcnded from the top of the cafe^ which 
hanging, within the clinder, (hows the 
colours that anfwer to the notes of mu- 
fic, and the length of thofe colours cor- 
reiponds to the duration of the notes. 

PERSPECTIVE RECREATIONS. 

RECREATION XLIIL p. 168 

7b dranio on a plane furface an irregular Ji^ 
gurey which ^ whenfeenfram a proper 
point of view, wilt appear Jimilar to a 
given Jigure. 

A parallelogram is divided into forty- eight 
equal parts, (Plate XY. Fig. i.) oa 
which the regular figure is drawn^ and 

. its 
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its (everal parts tranfpofedi to an equal 
number of divifions in a trapeziuqif 
where the figure will appear deformed, 
but when feen from a proper point of 
view, quite regular. The correfpond- 
ing parts in the parallelogram and tra- 
pezium are to be faumbered, p, 172— 
Thefe figures appear to great advan- 
tage when painted on the fide of a gal« 
lery, p. 174* 

RECREATION XLIV. -p. 175 

To draw an irregular figure o^ a plane f 
which being feen from two oppofite points 
ofviewtjhallreprefent two different regu^ 
lar objeSls. 

The two regular figures are to be firft 
drawn on the two parallelograms^ (PL 
XVI. Fig. 3.) and then transferred to 
thedivifions of the parallelogram, Fig. z. 
On a board. Fig. 4, of the fame fize; 
with the laft figure^ lines are cut, in 

which 



Digitized by 



Google -^ 



272 CONTENTS- 

which a paper. Fig. 5, is pafted, and the 
dillorted figure on it : which whca feen 
from two proper points of view, will 
prefent two regular figures. 

RECREATION XLV. p. 181 

To draw on the bafe of a cone^ an irregular 

Jigure^ which p^all appear ^^ when feen from 

a proper point of view ^ not only regular ^ 

but elevated above the furface of the cone. 

The cone is placed in a board, (Pl.-XVII. 
Fig. !•) with its bafe upward^ and at 
one end of it is fixed a perpendicular 
plate of glafs, on which the regular fi* 
gure is drawn. At the point of view 
a lamp is placed, by which the figure 
on the glafs is thrown on the bafe of the 
cone, and there traced- The lamp ^id 
glafs are then taken away, and the dif* 
totted figure, when feen from the point 
Qf view appears not only regular, but 

ered 
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iftd, ind In the fatric fituatioii it ^as 
oh the glais. 

RECREATION XLVI. p. i36 

To dr^Wy estfily and correSIy^ a land/cape^ 4>r 
arvf other objeSt^ without being obliged to 
obfervttherulesofprefpedlivey and with- 
out the aid of the camera obfcura. 

In the largeft end of a box (Plate XVIL 
Fig. 3.) there is a frame, divided into a 
number of equal divifions, and in the 
eppofite end is a tube- This box is 
fypported on a ftand. You are provided 
\^ith a paper that has the fame num- 
ber of divifions as the fratriein the boXf 
. and looking through the tube you tranf- 
fer the feveral ob^ecis feen through the 
divifions of the frame to tbof? on the 
papejr. 

RECREATION XLVII. p, 189 
IHuminaied prt>fpeBs. 

Thetop of a print, properly painted, is cut 
off, and put in a fraipe, and the lower 
part in another frame. Thcfe two frames 

Vol. 1L T are 
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are placed in a box, (Pi. XVI L Fig. 5.) 
at different diflances, and behind tbem 
lights are fet, and when they are viewed 
from the front of the box, and there is 
no other light in the room, they afford 
a very pleafmg appearance. 

KJlCREATION XLVIII, p. 191 

^ran/parent illuminations. 
Thofe parts of a print where the light is to 
appear are cut through with a fine tool. 
The print is then put in a frame and 
placed in the box defcribed in the laft; 
recreation : behind it is a yellow tranfpa- 
rent paper, and behind that are lights, 
Thefe fcene? are to be moveable, fo as to 
reprefent a fuQcefEon of objeds dif^ 
ferently illuminated. 

ACOUSTICS, 

P E F I Nvl T I Q N S p. 195 

A P H O R I S M .S 196 

Nature of fonoroua bodies, aph, i to 5,— «t 

Vibrations of chords^, aph, 6 to 9. --fPro* 

pagation of founds aph. 10 to i4«~ 

3trengtb ^nd r^jge^iQn of jlbundi apH* 
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RECREATION XLIX. p. 2ot 

A fmall metal globe, with a flender neck^ 
18 thrown, when hot> into a veflcl of 
water, and when it is put on a fire the 
water ru&es out with a great noife— this 
phenomenon improved by fixing the 
calls ufed by fowlers to the necl£s of 
thefe eolipiles* 

RECREATION L. p. 202 

The communicative bujis. 

Two buds are placed on pedeftals on the 
- oppofite fides of a room, aiid from the 
mouth of the one there goes^a tube un- 
der the floor, to the ear of the other. 
Therefore, if a perfon fpeak into the ear 
of one buft, another perfon, who applies 
his ear to the mouth of the other bufti 
will hear dillindly all the firfi utters; 
and at the fame time other people, in 
the middle of the room, will hear no^ 
thing of what pafles . 

T2 RE^ 
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RECREATION LI. p. aoj 

The oracular head. 
This recreation is performed by a fingle 
head, and t^i^bes, that go from vh^ ear 
aad mouth of it, to a room underneath, 
where ^ confederate be^rs what is, faid, 
^nd returns an. anfwer; and tfeereare 
wire* by which the eyes and lips of 
the buft are moved at the fame time. 

RECREATION Lll. p. 204 

The folar fonata* * 

A barrel organ is placed in a cafe^ that has 
a glafs front, behind which is a tube with 
{pints y and on that a cork floaits, which, 
when It rifes to a certain point, by the 
heat of the Inn, lifts up a catch, and fets 
the organ in play ; bat when the ma- 
chine is carried into the cdld thefpirits 
fink, and the catch again flops theof^an. 

R E C R E A T I^O.N LIIL, p. zfi/ 
jin automatous harpfichprd.: 
There are wires that. go. from the undf r 
part of the keys pf^aTiarpfichord, and- a 

barrel 
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barrel with pins, that take the eada of 
thofe wires. Rourtd the axis of the bar- 
' rel goes a firing, that pafles under the 
floor, and communicates withafmoke* 
jack, by which the harpfichord is play- 
ed inceflantly. 

RECREATION LIV, p. 209 

A ventofalfymphony. 

On the top of a houfethereisa vaiue, (PI. 
XVIII. Fig.3.) atthe bottomof which, 
and within the roof of the houfe,' is a 
wheelythat communi,cates,by other fmali 
wheels and pinions, with a large barrel 
in the room underneath : to this barrel 
a number of ftops are fixed, andclofe 
to it are hung twelve bells ; therefore, 
as the vane is turned by the wind, the 
feveral fmall wheels being put in mo- 
tion, turn the barrel, and by making it 
ftrikethe bells, according tothepofition 
of the ftops, play the fymphony. 

RECRE- 
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RECREATION LV. p.2it 

The noHurnal reveiUeun 
On tbecrrciimfcrcnccof a vrheelarepflaced 
a^tiun^er of ]>eils, and round its axis 
18 wound a rope, at the end of ^vlach 
is fattened a weight, that refts wfQti one 
end of a moveable lever, and is ba- 
lanced hy aliallowconefiUed withfand, 
hung to the other end of the lever, but 
as the fand runs out the weight defcends^ 
and by turning the wheel rings the hells. 

RECREATION LVL p. 214 

A mufical cafcade. 
A large wheel is placed under a cafcade, 
the water of which is confined to the 
ends of the wheel j the middle of this 
wheel confifts of bars, in which ftops 
are placed, that by ftrikin^ a certain 
number of beHs play o|ie or mioretunes^ 
at pleafure. 

R E C R E ATI O N LVII. p, 216 . 

Reverberated founds. 
Conftrudion of a whifpefing gallery — the 
nature of eehoes^p. 2 17—of reverberated 
echoes, p. 219, 
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RECREATION LVIIL p. 220 

7he converfivejiatue. 
There are two large concave mirrors, and In 
the focus of one of them is placed the fi- 
gure of a man (PL XVIIL Fig. 5). The 
other mirrof is placed behind a partition, 
in which is an opening, concealed by a 
gauze. When a perfon fpeaks foftly in 
the ear of the ftatue, which is exadly 
in the focus of one of the mirrors, an- 
other perfon placing his ear in the fo- 
cus of the other mirror will hear dif- 
tiridly what isfaid, and anfwering foft- 
ly at the fame point will be heard by 
the firft perfon. 

RECREATION LIX. p. 223 

^ke great organ. 

The body of this noble inftrument con- 
fifts of a wind-cheft, (PL XIX. Fig. 1.) 
over which is placed two boards, that 
form what is called the found-bo^^^* 
In the under fide of the lower l^^^i{^^^^ 
feveral partitions, and in its Uvx.^^ ^^^^ 
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^rc cut channels^ in which Aiders are 
placed, in a tranfverfc pofitioa to the 
partitions. There are holes made thro* 
the upper board,fliders, and under board, 
into the partitions ; and in the holes of- 
the upper board the pipes are placed that 
produce the founds. There are two pair 
of bellows, by which the air is forced 
into the cheft. When any one of the 
Aiders is drawn out, its holes cprrefpond 
with thofe in the upper board and in the 
partitions. At the front end of each par- 
tition is a valve, under which is a hole 
into the wind-cheft ; thefe valves arc 
conneded with the keys of the organ by 
wires, fo that when a key is put down 
it opens a valve, and the airruffics into 
the partition, and the Aider being drawn 
out, it pafles through the holes in that 
and the upper board into the pipeplaced 
over it, and makes it found. 



THE END OF THE SECOND VOLUJj^IE. 






Digitized by 



GoogI 



_^.^~ . __ jt.:' 






■J^*^ 



.if.f -i;^ 



digitized by 



Google 






m 



jMi . .1 .. L,"' r,i^>J£*t-«iEi.. 



. G ::,ii7.ed by Vu 



